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SECTION  the  FIRST. 


A Gemral  Account  of  Dr.  Crawford’s 
Theory  of  Heat  and  Combufiion. 
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FI  R E,  whether  confidered  as  an  element  of 
quality , fo  umverlally  pervades  all  bodies, 
its  properties  and  effedrs  are  fo  furprizing,  and 
its  agency  fo  fubtile  and  powerful,  that  it  is  no 
wonder  the  researches  of  philofophers  have  often 
been  diredted  to  its  inveftigation.  How  far 
they  have  fucceeded  in  their  purfuits,  I fhall  not 
take  upon  me  to  determine  •,  though  if  we  are 
to  judge  by  the  numerous,  and  I may  add  very 
different  opinions  on  this  fubjedf,  I am  afraid 
we  fhall  have  reafon  to  conclude,  that  notwith- 
{landing  the  labours  of  this  enlightened  age,  it 
ftill  remains  deeply  involved  in  darknefs  and 
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my  fiery.  It  is  not  however  my  defign  either  to 
difplay  or  to  lament  the  general  imperfection  of 
our  knowledge  in  this  branch  of  philofophy. 
My  attention  hath  been  of  late  more  particularly 
engaged  to  the  fubjeCt,  by  confidering  only  one 
of  the  many  fyfienls  to  which  it  has  given  rife, 
and  it  is  to  the  examination  of  this  alone  that  I 
mean  to  confine  myfelf  in  the  prefent  treatife. 

The  fyfiem  I allude  to  was  publifiied  fome 
time  ago  by  Dr.  Adair  Crawford. — A fyfiem 
which  like  moft  others  refpeCting  obfcure  fub- 
jeCts  feems  to  have  gained  no  fmall  degree  'of 
attention  by  its  novelty  ; and  perhaps  it  may 
alfo  be  added,  by  the  fpecious  appearance  of  fome 
of  thofe  experiments  which  have  been  produced 
to  fupport  it. — Having  no  predilection  for  any 
particular  hypothefis,  I have  perufed  and  con- 
fidered  Dr.  Crawford’s  publication  with  all  the 
candor  in  my  power,  and  I (hall  now  beg  leave 
to  lay  before  the  reader  the  refult  of  my  enqui- 
ries.— Previous  however  to  what  I fhall  offer  on 
this  fubejCt,  it  will  be  neceffary  to  give  an  idea 
of  our  author’s  fyfiem  in  general,  and  of  the 
grounds  upon  which  he  has  attempted  to  efta- 
blifh  if. 
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Fire,  or  heat,  according  to  Dr.  C.  is  contained 
in  a great  quantity  in  moil  bodies  when  at  the 
common  temperature  of  the  atmofphere,  but 
being  in  this  cafe  latent  and  producing  no 
cffedls  which  render  it  the  object  of  our  fenfes, 
he  diftinguifhes  it  by  the  appellation  of  abfolute 
heat ; and  if  this  fame  principle  be  fo  increafed 
that  it  fhall  exceed  the  heat  of  the  furrounding 
medium  and  become  obvious  both  to  fight  and 
touch,  or  to  the  latter  feparately,  he  denomi- 
nates it  fenfible  heat.  In  other  words,  fire  is 
fuppofed  to  enter  into  the  compofition  of  all 
bodies.  If  it  exifls  in  them  only  to  fueh  a 
degree  as  not  to  render  thofe  bodies  warmer 
than  the  atmofphere  in  which  they  are  placed, 
it  is  called  abfolute  heat;  and  if  it  is  accumu- 
lated in  fuch  quantities  as  to  produce  what  is 
meant  by  heat  in  the  vulgar  acceptation  of  the 
word,  it  is  called  fenfible  heat : So  that  Dr.  C’s. 
diftribution  of  fire  into  two  claffes  regards  only 
the  quantity , and  hot  any  difference  in  the 
quality  of  this  principle.  Purfuing  this  idea,  he 
has  recourfe  to  a variety  of  Experiments  to 
prove  that  in  the  fame  temperature  of  the  Air, 
equal  weights  of  heterogeneous  fubftances  may 
contain  unequal  quantities  of  abfolute  heat,  and 
confequently  that  the  fame  bodies  have  the 
power  ofcojle&ing  and  retaining  the  element  of 
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fire  in  greater  quantities  than  others.  Thefe 
different  powers  he  calls  the  capacities  of  bodies 
for  containing  heat. — In  determining  the  com- 
parative quantities  of  heat  in  bodies,  his  Expe- 
riments led  hy*i  to  conclude  that  atmofpherical 
,and  dephlogifticated  air  have  much  more  of 
this  principle  than  Fixed  and  Phlogifticated 
air,  and  that  the  quantity  of  heat  in  airs  of 
different  kinds  is  in  proportion  to  their  purity.— 
Following  the  fame  method  of  making  his  Ex- 
periments on  more  folid  bodies.  Dr.  C.  is  further 
led  to  maintain  that  Metals  have  leTs  heat  than 
their  Calces,  * and  uniting  this  to  the  fa£t  juft 
mentioned  refpe&ing  air,  he  lays  down  this 
general  law  ; “ That  bodies  when  joined  to 
u phlogifton  contain  lefs  abfolute  heat  than 
“ when  they  are  feparated  from  it,”  and  there- 
fore, “ that  if  phlogifton  be  added  to  a body, 
*f  a quantity  of  the  abfolute  heat  of  that  body 
“ will  be  extricated  ; and  if  phlogifton  be  fe- 
“ parated  again,  an  equal  quantity  of  heat 

* It  may  not  be  improper  to  obferve  here,  that  thofe 
cakes  are  the  earthy  parts  of  the  metals  feparated  from 
their  phlogifton. — And  that  Atmofpherical  and  Dephlo- 
gifticated  Airs,  are  fuppofed  to  be  more  or  lefs  pure  as 
they  are  more  or  lefs  free  from  this  principle.  An  atten- 
tion to  thefe  particulars  will  render  the  extra&s  which 
follo.w  from  Dr.  C’s.  Treatife  more  intelligible. 
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“ will  be  abforbed.”  f From  all  which  he  in- 
fers, “ that  heat  and  phlogifton  appear  to  be 
“ two  oppofite  principles  in  nature.”  J By  the 
affiftance  of  this  important  difcovery  the  whole 
myftery  of  Combuftion  is  explained.  It  had 
hitherto  been  generally  believed  (but  upon  what 
gopd  grounds  I (hall  not  pretend  to  fay)  that 
the  heat  which  is  produced  by  the  inflammation 
of  cotnbuftib’e  bodies,  proceeded  from  the  latent 
fire  contained  in  thofe  bodies.  Dr.  C.  on  the 
contrary  accounts  for  this  phenomenon,  by  ob- 
ferving,  that  no  part  of  the  heat  can  be  derived 
from  the  combuftible  body,  * ^fo  far  from  it, 
that  the  body  even  lejfens  the  fire  by  ahfoi  bing 
the  heat  j)  but  that  in  theprocefs  of  inflammation 
the  phlogifton  is  feperated  from  the  inflammable 
body  and  combined  with  the  air  j the  air  by 
this  union  is  converted  into  fixed  and  phlogif- 
ticated  air,  and  at  the  fame  time  (in  confe- 
quence  of  the  repugnance  of  phlogifton  to 
•fire)  is  obliged  to  part  with  a very  gieat  quan- 
tity of  its  abfolute  heat,  which  when  it  is  ex- 
tricated fuddenly  burfts  forth  into  flame,  and 
produces  that  intenfe  heat  which  is  always 
known  to  accompany  the  combuftion  of  bodies. 

t Page  67.  J Page  68.  * Page  77. 
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Thefe  are  the  chief  of  Dr.  C’s.  difcoveries, 
.or  at  lead  they  are  the  particular  parts  of  his 
fyftem  which  I propofe  to  examine.  What 
relates  to  Animal  heat  depends  fo  much  on 
jthe  repugnancy  of.  phlogifton  to  fire,  that  if 
thefe  two  principles  can  be  fhewn  not  to  be 
averfe  to  one  another,  a theory  founded  on 
this  mutual  averfion,  and  fupported  likewife 
by  fo  few  Experiments,  will  hardly  be  thought 
to  deferve  much  attention. 


SECTION  the  SECOND. 

On  Dr.  Crawford’j  Experiments  in  general. 

'JTHE  manner  in  which  Dr.  Crawford  has 
made  his  Experiments,  and  the  princi- 
ples upon  which  they  appear  to  be  founded, 
naturally  prefen t themfelves  as  the  firft  obje&s 
of  enquiry.  For  without  being  perfectly  far 
tisfied  with  the  accuracy  of  the  one  and  the 
truth  of  the  other,  it  will  not  be  poflible  to 
form  a found  judgment  of  the  fyflem  with 
' which  they  are  connected. 

The  grand  principle  on  which  Dr.  C.’s  Ex- 
periments are  founded  is  the  following — Sup- 
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pole  equal  portions  of  two  heterogenous  fub- 
ftances  of  any  kind  and  of  different  tempe- 
ratures of  heat  to  be  mixed  together.  That 
which  has  moft  fenfible  heat  will  communi- 
cate fo  much  of  it  to  the  colder  body,  that 
both  (hall  be  reduced  to  the  fame  common 
temperature.  Now  it  is  faid,  that  if  the  dif- 
ferences be  taken  between  the  heat  of  the 
bodies  before  they  were  put  together  and  this 
common  temperature  of  the  mixture,  thofe 
differences  will  give  the  comparative  quan- 
tities of  abfolute  heat  which  the  bodies  con- 
tained in  their  feparate  (late  j the  differences 
and  quantities  above  mentioned  being  always 
in  reciprocal  proportion  to  each  other. — Thus  ; 
if  one  pint  of  Water  at  ioo°  be  mixed  with 
one  pint  of  Quickfilver  at  50%  we  ar*  told, 
that  the  common  temperature  of  the  whole 
will  be  nearly  8o°, — fo  that  the  water  will 
have  loft:  20*  of  its  heat,  and  the  Quickfilver 
gained  30°.  From  whence  it  is  infered,  that 
the  comparative  quantities  of  abfolute  heat  in 
thofe  bodies  are  as  30  to  20  •,  that  is,  one 
pint  of  Water  has  more  heat  than  one  pint 
of  Quickfilver  in  the  proportion  of  3 to  2 ; 
and  therefore,  by  Dr.  C’s.  reafoning,  the  fame 
quantity  of  fir-,  which  will  require  only  two 
parts  of  water  to  contain  it,  will  not  be  con- 
tained 
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tained  in  lefs  than  three  parts  of  Quick* 
iilver. 

• 

Admitting  the  Experiment  to  be  as  it  is 
Hated  above,  yet  I cannot  fee  upon  what 
-grounds  this  conclufion  is  founded. — ’When 

any  particular  fubftance  is  added  to  two 
feparate  bodies,  and  that  fubftance  produces 
more  fenfible  effedls  in  one  than  in  the  other  ; 
how  does  it  follow  that  therefore  the  bodv  in 

which  thofe  effects  are  greateft  had  leaft  of 

that  fubftance  in  its  original  compofition  ? 
— Suppofe,  for  inftance,  we  had  two  folu- 
tions  of  any  neutral  fait  in  water;  and  being 
defirous  of  knowing  which  of  the  two  was 
moft  impregnated,  we  added  equal  quantities 
of  the  fame  fait  to  thofe  folutions,  and  that 
in  the  one  a great  part  of  the  fait  was  de- 
pofited,  or  became  redundant,  while  in  the 
other  it  was  almoft  wholly  diffolved.  Should 
we  be  i-uftified  under  thofe  circumftances  in 
concluding  that  the  former  had  lefs  fait  in  it, 
than  the  latter  ? — Dr.  C’s.  conclufion  with 
regard  to  heat  feems  to  me  to  be  juft  as  rea- 
fonable. — Might  we  not  at  leaft  with  as  much 
appearance  of  truth  argue  in  a manner  di- 
je&ly  contrary  to  what  he  has  dorte  ? Sup- 
pofe ?n  equal  portion  of  fire  were  introduced 
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into  two  feparate  bodies  of  the  fame  fenfibie 
hear,  and  that  the  one  became  much  warmer 
than  the  other  would  it  not  be  as  natural 
to  conclude  that  the  former,  like  the  folution 
of  the  neutral  fait,  by  having  more  of  the 
element  of  fire  in  its  compofition  had  been 
fooneft  faturated>  and  therefore  that  a great 
quantity  of  this  principle  had  become  fuper- 
fluous  and  been  converted  into  fenfible  heat  j 
while  the  latter  by  having  lei's  of  the  element 
of  fire  in  its  compofition,  had  abforbed  a 
greater  portion  of  this  principle,  which  being 
converted  into  abfolute  heat  had  been  ren- 
dered incapable  (according  to  Dr.  C’s.  hypo- 
thefis)  of  being  difiinguslhed  by  our  fenfes  ? 
From  hence  we  fhould  be  led  to  infer  the  very 
reverie  of  what  Dr.  C.  had  done,  by  faying 
“ that  the  more  readily  a body  is  heated  the 
“ more  fire  it  contains,  and  on  the  contrary 
“ the  lefs  readily  ic  is  heated  the  lefs  fire  it 
“ contains.5*  But  though  this  conelufion  ap- 
pears to  me  the  lead  abfurd  of  the  two,  yet 
I am  far  from  thinking  it  fatisfa&ory,  nor  can 
I fee  that  Experiments  of  this  kind  prove  any 
thing  more,  than  that  fome  bodies  (as  Dr. 
Franklin  cbferves  *)  are  better  condufiors  of 

C fire 

* Allowing  common  fire  as  well  as  electrical  to  be  a fluid 
capable  of  permeating  other  bodies  and  feeking  an  equili- 
brium. 
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tire  than  others,  or  are  more  or  lefs  capable 
of  being  aited  upon  by  heat  whatever  it  is. — 
The  reafon  of  the  fa<5t  that  fome  bodies  heat 
others  in  a greater  proportion  than  they  are 
themfelves  cooled  may  be,  that  they  are  fo  con- 
ftituted  as  to  be  more  or  lefs  lufceptible  of  that 
modification  which  we  call  heat;  and  conlequently 
this  fad  proves  no  particular  theory  of  heat. 
I {hall  not  therefore  dwell  any  longer  on  a 
fubjed  which  is  fo  much  more  eafily  contro- 
verted than  underftood,  but  proceeding  to  the 
Experiments  themfelves  endeavour  to  examine 
their  accuracy,  and  from  thence  determine  how 
far  they  may  be  depended  upon  as  conclufivc 
in  favor  of  any  hypothefis. 

In  almoft  the  whole  of  Dr.  C’s  Experiments 
water  is  employed  as  an  ingredient.  The  ab- 

brium,  I imagine  fome  bodies  are  better  fitted  by  nature  to 
be  conductors  of  that  fluid  than  others. — Thus,  if  a body 
which  is  a good  conductor  of  fire  readily  receives  it  into  its 
fubltance  and  conducts  it  through  the  whole  to  all  the  parts* 
as  metals  and  waters  do,  and  if  two  bodies  both  good  con- 
ductors, one  heated  the  other  in  its  common  flate,  are 
brought  into  contaCt  with  each  other,  the  body  which  has 
molt  fire  readily  communicates  it  to  that  which  had  leaft, 
and  that  which  had  lead  readily  receives  it  till  an  equili- 
brium is  produced.” 

Dr.  Franklin’s  Philofophical  Works,  p.  351. — 5th  Edit. 
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folute  heat  of  this  fluid  is  made  to  be  the 
ftandard  by  which  the  heat  of  other  bodies 
is  generally  determined.  The  method  of  doing 
this,  is  by  mixing  water  and  any  fubftance  to- 
gether at  different  temperatures,  and  noting 
after  a given  time  the  changes  produced  in 
their  fenfible  heats  •,  thefe  changes,  as  I have 
already  obferved,  being  always  fuppofed  to  be 
reciprocally  proportional  to  the  quantities  of 
their  abfolute  heat. — Now  it  is  evident  that  if 
the  mixture  be  made  in  a cold  vefiel  a part  of 
the  heat  will  be  communicated  from  the  warmer 
body  to  the  vefiel ; and  if  on  the  contrary  it 
be  made  in  a warm  vefiel  the  cold  fubffance 
will  acquire  its  heat,  not  only  from  the  warmer 
body  with  which  it  is  united,  but  alfo  from  the 
vefiel  in  which  the  mixture  is  contained.  In 
order  to  remove  this  caufe  of  inaccuracy,  by 
determining  the  portion  of  heat  which  is  either 
loft  or  communicated  by  the  vefiel  in  the  courfe 
of  any  Experiment,  Dr.  C.  proceeds  in  the  fol- 
lowing manner.  “ The  air  in  the  room  bein» 
“6 1,  one  pound  of  water  at  1 68°  was  poured 
“ into  an  earthen  vefiel  at  68°,  the  temperature 
“ of  the  mixtuie  at  the  end  of  the  firft  mi- 
“ nute  was  1550 — at  the  end  of  the  fecond 
“ 150* — at  the  end  of  the  third  1450. — To 
difcover  the  heat  communicated  to  the  at- 
C 2 “ mofphere 
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“ mofphere  in  the  firft  minute,  fay  as  84  to  89 
*l  fo  is  94  to  a fourth  proportional  *,  which 
**  gives  99.5  : From  whence  it  appears  that  5^ 
“ degrees  weie  carried  oft'  by  the  air  in  the 
“ firft  minute.-  Adding  57  to  155  we  have 
“ 160.5  f°r  lhe  true  temperature  of  the  water 
“ and  the  veftcl.  Subtracting  this  from  168 
“ we  have  7.5  tor  the  remainder.  The  water 
“ was  therefore  cooled  by  the  veftcl  750,  and 
“ the  veftcl  was  heated  by  the  water  92°.5  : 
“ And  fince  the  veftel  received  this  heat  from 
“ the  water,  it  is  manifeft  that  the  fame  quan- 
“ tity  of  heat  which  changes  the  temperature  of 
“ one  pound  of  water  7.5  will  change  the  tem- 
“ perature  of  the  veftel  92.5.  And  by  a parity 
tc  of  real'oning  the  fame  heat  which  raifes  the 
“ water  one  degree  will  raife  the  veftel  i2f 

* The  author  in  computing  the  heat  which  is  loft  in  the 
firft  minute  adopts  a rule  which  is  faid  to  be  given  by  Sir 
lfaac  Newton,  who  confidering  the  heat  of  a body  as  the 
cxcefs  whereby  it  is  warmer  than  the  furrounding  medium, 
fuppofed  that  the  quantities  of  heat  loft  in  fmall  portion^ 
of  time  would  always  be  proportional  to  the  heats  remain- 
ing, and  therefore  if  the  times  were  taken  in  arithmetic 
progreflion  the  decrements  of  heat  would  be  in  geometrjc 

progreflion. 1 would  further  obferve  that  the  numbers 

9 4,  89  and  84  are  found  by  fubtratting  6 r , the  tempera- 
ture of  the  atmofphere,  from  155,  150  and  145,  the  fe- 
vrral  degrees  of  heat  at  the  end  of  the  ift,  2d,  and  jd 
minutes. 

“ degrees. 
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« degrees.  If  therefore  in  any  Experiment  we 
“ find  that  the  veflel  has  received  I2f  degrees 
“ of  heat  from  one  pound  of  water,  we  may  be 
“ fure  that  the  reparation  of  this  heat  has  cooled 
“ the  water  one  degree.”  Were  this  rule  of 
Dr.  C’s.  ftriclly  right,  it  would  give  fimilar  re- 
fults  in  all  cafes;  that  is,  were  the  fenfiblc  heat 
of  the  room,  the  veflel,  or  the  water  varied  ever 
fo  much,  we  fhould  Hill  find  the  capacities  of  the 
two  latter  for  retaining  heat  exactly  in  the 
fame  proportion  to  each  other.  — I have  made 
a great  variety  of  Experiments  with  a view  to 
determine  this,  but  their  refultshave  always  been 
fo  different,  that  I am  convinced  no  conclufions 
derived  from  fuch  Experiments  can  be  depended 
upon.  The  following  out  of  the  many  inftanc  es 
which  I could  produce,  will,  I imagine,  be  fuffi- 
cient  to  give  an  idea  of  the  accuracy  of  Dr.  C’s. 
rule. 
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EXPERIMENT.  I. 


Air  in  the  room  being  6i,  half  a pound  of 
water  at  185  was  poured  into  an  earthen  veffel 
at  6©.  The  temperature  was  at  the  end  of 


Surface 

Bottom 

Medium 

the  firfi:  minute 

I 69 1 

1 66; 

168 

the  fccond  minute 

162 

160 

1 6 1 

the  third  minute 

156 

* 55 s 

By 
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By  following  the  fame  fteps  with  Dr.  C.  for 
difcovering  the  heat  which  was  loft  in  the  ftrft 
minute  we  have  94.5  to  100  as  107  to  113.2. 
Therefore  6.2  being  added  to  168  gives  J74.2 
for  the  temperature  of  the  water  arid  veflel; 
From  whence  it  may  be  eafily  feen  that  the  ca- 
pacities of  the  vdfel  and  water,  for  retaining  heat 
are  to  each  other  in  the  ratio  of  1 to  rof  *. 

* The  Experiments  in  this  treatife  have  been  almofl 
■pniverfally  repeated  twice,  and  fome  of  them  much  oftener. 
It  is  alfo  neceflary  to  obferve  that  whenever  two  or  more 
Thermometers  are  employed  in  the  fame  Experiment, 
care  has  been  taken  that  thofe  Thermometers  are  graduated, 
in  fuch  a manner  as  to  agree  exattly  with  each  other.  It 
is  very  difficult  to  find  a tube  fo  perfettly  cylindrical  as  that 
the  expanfions  of  the  mercury  may  be  truly  afcertained  by 
a fcale  of  equal  degrees.  This  mufl  be  the  caufe  of  inac- 
curacy in  Experiments  of  this  kind  : To  which  may  be 
added  another  caufe  arifing  from  the  difference  in  the  fize 
of  the  bulbs,  efpecially  when  the  bodies  cool  very  faff. 
In  order  to  obviate  thofe  difficulties,  two  thermometers 
are  placed  at  the  fame  inftant  in  a veflel  of  hot  water,  and 
the  fltuation  of  the  mercury  as  it  falls  in  both  is  marked 
every  4 or  5 degrees,  by  the  affiftance  of  another  very  good 
Thermometer  placed  in  the  fame  circumftances  ; fo  that 
after  repeated  trials  in  veflels  where  the  water  cools  dif- 
ferently, fuch  feales  are  obtained  as  to  make  the  two 
Thermometers  coincide  exa£Uy  with  each  other. — This  is 
a work  of  much  care  and  ctouble,  but  in  Experiments 
which  depend  entirely  upon  the  accuracy  with  which  they 
are  made,  no  care  qr  trouble  ought  to  be  avoided. 
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EXPERIMENT  II. 

Air  in  the  room  being  6 1,  half  a pound  of 
water  at  154  was  poured  into  the  fame  veflel 
at  61.  The  temperature  of  the  water  was  at 
the  end  of 


Surface 

Bottom 

Medium. 

the  firft  minute 

144 

142 

*43 

the  fecond  minute 

1402; 

139 

1 39 1 

the  third  minute 

137 

136 

136k 

Hence  we  have  75.5  to  78.75  as  82  to  85.5, 
and  confequently  the  ratio  in  this  cafe  is  as  1 

to  1 1.4. 

EXPERIMENT  III. 

Air  in  the  room  being  62,  half  a pound  of 
water  at  106  was  poured  into  the  fame  veftel 
at  63.  The  temperature  of  the  water  was  at 
the  end  of 


Surface 

Bottom 

Medium 

the  firft  minute 

I02| 

101' 

2 

102 

the  fecond  minute 

101 

IOO 

100* 

the  third  minute 

99* 

99i 

991 

Therefore  37.5  to  38.5  as  40  to  41.06:  From 
whence  the  ratio  of  the  vefiel’s  capacity  for  re- 
taining heat  to  that  of  the  water  may  be  found  as 
1 to  1 3.6 

C • 

It  may  be  obferved  from  thefe  Experi- 
ments that  the  capacity  of  the  fame  veflel 
for  containing  heat  when  compared  with  that 

of 
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of  water  is  one  third  greater  in  fame  circurri- 
fiances  than  in  others  : — And  the  like  uncer- 
tainty takes  place  in  the  refults  of  Experiments 
upon  other  bodies  when  they  are  made  in' 
this  manner.  I (hall  beg  leave  to  give  an  iri- 
flance  of  this  kind  with  refpefl  to  the  compa- 
rative quantity  of  heat  in  oats,  which  is  one  of 
the  firft  fubjefis  of  Dr.  C’s.  enquiry. 

EXPERIMENT  IV- 

Air  in  the  room  being  65,  three-quarters  of 
a pound  of  oats  at  71  were  mixed  with  an 
equal  weight  of  water  at  1 16;  The  tempera- 
ture of  the  mixture  was  at  the  end  of 


Surface 

Bottom 

Medium 

the  firft  minute 

IOI 

IOO 

IOOi 

the  fecond  minute 

99 

98 

the  third  minute 

98 

961 

97i- 

Hence  we  have  32.25  to  33.5  as  35.5  to  36.9  j 
and  confequently  the  heat  carried  off  by  the 
air  in  the  firft  minute  was  1.4.  This  being 
added  to  100.5  gives  101.9  for  the  true  tem- 
perature of  the  mixture.  The  capacity  of  the 
veffel  for  retaining  heat  to  that  of  water  was 
found  by  Dr.  C’s.  rule  to  be  in  the  ratio  of  1 
to  8 and  fince  the  veffel  in  the  prefent  Ex- 
periment 
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perimenfc  was  raifed  from  71  to  100.5*,  the 
difference  for  29.5)  being  divided  by  8 gives 
3.7  tor  the  heat  which  was  feparated  from  the 
water  by  the  veffcl — Subtratting  101  (the  tree 
temperature  of  the  mixture)  from  116,  and 
3.7  again  from  the  remainder,  we  have  10.4 
for  the  number  of  degrees  which  the  water  was 
cooled  by  the  oats  alone  f.  And  fince  the 
oats  were  raifed  from  71  to  101.9  or  30.9  de- 
grees, it  follows,  that  the  fame  quantity  of 
heat  which  will  change  the  temperature  of  the 
water  10.4  will  change  that  of  oats  30.9,  and 
therefore  the  abfolute  heat  of  water  is  to  that 
of  oats  as  30  9 to  10.4,  or  nearly  as  2.9  to  1. 

* I have  exactly  followed  Dr.  C.’s  method  in  making  this 
Experiment,  but  I can  fee  no  good  reafon  for  deducing 
the  heat  of  the  veffcl  from  the  temperature  of  the  mixture 
at  the  end  of  the  firft  minute,  rather  than  from  the  fourth  pro- 
portional, which  js  fuppofei  to  give  the  true  temperature 
of  the  mixture  at  the  beginning  of  the  frjl  minute. 

f It  does  not  appear  that  the  oats  in  this  Experiment 
were  really  heated  to  the  degree  fuppofed  by  Dr.  C. — 
The  Thermometer  might  only  (hew  for  fevcral  minutes  the 
joint  effeds  of  the  hot  particles  of  water  and  the  colder 
particles  of  oats  in  contad  with  it.  For  this  reafon  Sir 
jfaac  Newton’s  rule  feems  to  be  improperly  applied  ; I r 
the  heat  carried  off  after  the  firft  minute  may  not  be  carried 
off  by  the  air  only,  but  by  the  air  and  the  cold  fubllance 
jointly. 
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EXPERIMENT  V, 

Air  in  the  room  being  67,  three-quarters  of 
a pound  of  oats  at  70,  were  mixed  with  art 
equal  weight  of  water  at  164. — The  tempera- 
ture of  the  mixture  was  at  the  end  of 


Surface 

Bottom 

Medium 

the  firft  minute 

1 3*i 

12  5 

I 2 

the  fecond  minute 

12  31 

125I 

the  third  minute 

125* 

. 122* 

124 

From  whence  it  maybe  found,  by  proceeding 
in  the  fame  manner  as  in  the  foregoing  Expe- 
riment, that  the  abfolute  heat  of  water  is  to  that 
of  oats  in  the  ratio  of  2 + to  1 *. 

Here  again  we  may  obferve,  that  the  ratio  in 
one  experiment  is  nearly  one  third  greater  than  in 
the  other. — But  thefe inaccuracies  arenot confined 
to  this  mode  only  of  making  Dr.  C.’s  Experi- 
ments. For  if  inftead  of  heating  the  water  the 
/olid  body  be  heated,  as  he  has  done  in  many 
inftances,  we  fhall  find  the  refults  to  be  ftill 
as  uncertain,  and  that  the  Experiments  when 
they  are  made  in  this  way,  not  only  differ  from 
thof'e  which  are  made  in  a contrary  way,  but 
that,  like  the  five  preceding  Experiments, 

• The  ratio  in  Dr.  C.’s  Experiment  on  oats,  made 
■nearly  under  the  famecireumftances,  is  as  2-  to  1. 

they 
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they  differ  alfo  from  each  other. — Various  in- 
ftances  of  this  kind  might  be  given.  Oats, 
barley,  metals,  calces  of  metals,  in  fhort 
every  fubftance  that  I have  tried  are  fo  many 
proofs  of  this  faft.  But  I with  to  be  concife, 
and  fhall  therefore  content  myfelf  with  relating 
a few  Experiments  on  Quickfilver,  which  will 
be  quite  fufficient  for  the  prefent  purpofe. 

EXPERIMENT  VI. 

Air  in  the  room  being  58,  one  pound  and 
a half  of  mercury  at  61  was  mixed  with  an 
equal  weight  of  water  at  1^9.  The  tempe- 


rature  was  at  the  end  of 

Surface 

Bottom 

Medium 

the  firft  minute  145 

>43i 

144* 

the  fecond  minute  142^ 

140T 

141* 

the  third  minute  140! 

138 

1 m 

The  capacity  of  the  veffel  in 

which  the  mixture 

was  made,  was  to  that  of  water  as  1 to  iif. 
From  whence  it  may  be  found  by  proceeding 
in  the  fame  manner  as  is  defcribed  in  Experi- 
ment the  4th,  that  the  abfolute  heats  of  mer- 
cury and  water  are  to  each  Qther  in  the  ratio 
pf  1 to  15.9. 


[ 20  ] 

EXPERIMENT.  VII, 

.Air  in  the  room  being  58,  one  pound  and  a 
half  of  mercury  at  58,  and  an  equal  weight  of 
water  at  113’-  were  mixed  together  in  the  fame 
velTcl  as  in  the  foregoing  Experiment.  The 
temperature  of  the  mixture  was  at  the  end  of 


Surface 

Bottom 

Medium 

the  firft  minute 

107^ 

io6f 

107 

the  fecond  minute 

O 

O'. 

105^ 

106 

the  third  minute 

io5 

I04^r 

!0  5^ 

The  abfolute  heat  therefore  of  the  mercury  is 
to  that  of  the  water  in  the  ratio  of  1 to  34.6. 

EXPERIMENT  VIII. 

Air  in  the  room  being  61,  one  pound  and  a 
half  cf  mercury  at  181  was  mixed  with  an 
equal  weight  of  water  at  65.  The  mixture  was 
at  the  end  of  the  firft  and  fecond  minutes  68 
The  mercury  therefore  was  cooled  1120  and 
the  water  heated  3°i.  But  the  capacity  of  the 
veffcl  for  retaining  heat  being  to  that  of  water 
in  the  ratio  of  1 to  ii',  it  follows  according  to 
Dr.  C.  that  the  heat  abforbed  by  the  veflel 
was  equal  to  -n.rof  lbil,  or  to  iioz.  of  water. 
Since  therefore  the  mercury  heated  18  ounces  * 
of  water  together  with  the  velTcl  which  was 
equal  to  one  ounce  and  a half,  3°  4,  it  would  con- 

* It  Ihould  be  obferved  that  Troy  weight  is  condantiy 
ufed  in  all  thofe  Experiments. 

fequently 
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fequently  have  heated  19  ounces  and  a half 
3°t  ; and  hence  the  abfolute  heat  of  mercury 
is  to  that  of  water  in  the  compound  ratio’  of  3^ 
to  iizl  and  of  19^  to  18,  or  as  1 to  32.8. 

EXPERIMENT  IX. 

Air  in  the  room  being  6 1,  one  pound  and  a 
half  of  mercury  at  1150  was  mixed  with  one 
one  pound  and  a half  of  water  at  6o°.  The 
mixture  at  the  end  of  the  firft  and  fecond 
minutes  was  at  the  furface  and  bottom  62 
From  whence  it  follows  that  the  abfolute  heat  of 
mercury  to  that  of  water  is  in  the  ratio  of  1 tq 
21.6. 

The  refults  of  thofe  Experiments  are  fo  very 
ftriking,  that  it  is  needlefs  to  make  any  com- 
ment upon  them.  1 cannot,  however,  dif- 
mifs  the  fubj-  £t  without  obferving,  that  our 
author  has  given  us  a third  rule  for  determining 
the  heat  of  bodies  ; by  which  he  has  been  en- 
abled to  afcertain  the  inconceivable  heat  of  the 
air  we  breathe,  and  from  thence  to  lay  the 
foundation  for  one  of  his  principal  difeoveries. 
This  rule  is  fiid  to  have  been  pointed  out  by 
Dr.  Irvine  of  Gkfgow,  and  is  fimply  no  more 
than  “ that  the  comparative  quantities  of  abfo- 
“ lute  heat  in  two  bodies  are  reciprocally  as  the 

“ changes  produced  in  their  fenfible  heats 

multiplied 


' [ 22  ] 

“ multiplied  into  the  quantities  of  matter  they 
M contain.”  For  inftance,  if  equal  bulks  of 
mercury  and  water  be  mixed  together  at  dif- 
ferent temperatures,  the  changes  produced  in 
their  fenfible  heats  will  (as  we  have  already  ob- 
ferved)  be  as  3 to  2 •,  that  is,  if  one  pint  of 
mercury  at  50  be  mixed  with  one  pint  of  water 
at  100,  the  former  will  be  heated  30°  ; and 
the  latter  cooled  only  20°.  But  the  fpecific 
gravity  of  one  pint  of  mercury  being  14. 
times  greater  than  an  equal  bulk  of  water, 
it  follows  according  to  this  rule  that  the 
abfolute  heats  of  mercury  and  water  are 
reciprocally  as  34-14  to  2,  oxdireftlyzs  1 to  21. 
Here  again  we  find  a new  proportion  between 
the  heats  of  thefe  two  bodies  * nor  is  it  poflible 
that  the  truth  of  this  Experiment  fhould  be 
controyerted,  unlefs  the  general  rule  be  wrong, 
which  I fancy  Dr.  C.  will  hardly  allow,  who 
has  founded  fo  great  a part  of  his  fyftern  upon 
it. — Mr.  Kirwariy  who  appears  to  have  warmly 
adopted  Dr.  C’s.  theory,  makes  the  heat  of  mer- 
cury to  that  of  water  in  the  ratio  of  1 to  30 
nearly*.  I do  not  fee  that  any  thing  can  be  urged 
in  favour  of  luch  contrarieties.  It  feems  ab- 
folutely  necefiary  that  the  comparative  quan- 
tities of  heat  in  bodies  fhould  be  found  precifely 

1 

* See  Mr.  Magellan’s  Eflai  fur  la  Nouvelle  Theorie  de  la 
Feu  Elementaire,  &c.  page  177. 
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the  fame  by  every  method  of  diverfifying  the 
Experiment  ; and  until  this  be  done,  I believe 
it  will  be  acknowledged,  that  the  truth  of  Dr. 
C’s  fyftem  is  more  than  precarious. 

Befides  the  difference  in  the  Refults  of  Dr.  C*s 
Experiments,  there  are  inaccuracies  in  the  Ex- 
periments themfelves  which  deferve  to  be  con- 
fidered.  The  application  of  Sir  Ifaac  Newton's 
rule  for  determining  the  heat  loft  the  firft  mi- 
nute is  in  fome  cafes  very  erroneous.  For  if  this 
rule  were  right,  the  heat  of  the  mixture,  as  it  is 
fet  down  for  the  firft  minute  in  Dr.  C’s  Expe- 
riments, would  always  be  a fourth  proportional 
to  the  heat  in  the  fourth,  third  and  fecond 
minutes.  Now  we  have  but  few  inftances 
. where  the  degrees  of  heat  are  given  during  four 
minutes,  and  where, at  the  fame  time  the  above- 
mentioned  rule  has  been  applied.  In  moft  of 
thcfe  however  the  inaccuracy  is  very  manifeft  ; 
in  fome  of  them  it  is  particularly  lb.  Thus,  in 
Experiment  2,  page  25%  had  the  heat  at  the  end 
of  the  firft  minute  been  taken  as  a fourth  pro- 
portional to  the  heat  in  the  three  fubfeqUent 
minutes  it  would  have  been  126*-,  or  ij  more 
than  the  true  heat,  and  in  Experiment  3,  page* 
26-f,  it  would  have  been  only  1 1 5 or  i°  lefs 
than  the  true  heat.  It  is  evident  therefore  that 

* Dr.  C.’s  treatife.  f Ibid. 

this 
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this  rule  is  not  to  be  depended  upon  in  all  cafes,; 
and  that  by  the  indifcriminate  ufe  of  it  in  Ex- 
periments of  this  kind,  which  require  the  utmoft 
nicety,  we  fhall  be  often  led  into  confiderable 
errors. 

Another  caufe  of  inaccuracy  in  Dr.  C.’s  Ex- 
periments proceeds  from  his  method  of  afcertain- 
ing  the  heat  of  the  mixture  at  the  bottom  of  the 
vefiel.  If  we  examine  thofe  inftances  where 
the  heated  metallic  calces  are  mixed  with  cold 
water,  we  fhall  conftantly  find  the  mixture 
hotter  at  the  bottom  than  the  top  of  the  vefiel. 
Now  it  is  very  well  known  that  heated  water  is 
always  warmed:  at  the  furface.  Whatever  heat 
therefore  it  receives  from  the  calx  will  fly  up  in 
the  greateft  proportion  to  the  top  of  the  mixture. 
But  we  frequently  find  the  very  reverfeof  all  this 
in  Dr.  C.’s  Experiments  : Nor  fhall  we  be  fur- 
prifed  at  it,  if  we  only  confider  the  manner  in 
which  he  determines  the  heat  at  the  bottom. 
That  the  metallic  calces  are  bad  conduftors  of 
Ere  is  a fa<5t  which  has  long  been  obferved,  and 
that  confequently  when  they  are  mixed  in  a 
heated  ftate  with  a cold  fluid  they  will  be  a con- 
fiderable time  in  imparting  their  heat  to  tliat 
fluid.  The  reafon  therefore  of  the  mixture’s  being 
hotted:  at  the  bottom  in  all  Dr.  C’s  Experiments 

ont 
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on  the  calces  of  metals  is  very  obvious  *,  for  by 
plunging  the  thermometer  into  the  midfh  of  the 
calx,  it  does  not  denote  the  heat  which  has  been 
communicated  to  the  water,  but  the  heat  which 
the  calx  Hill  retains  ; and  it  is  evident  that  the 
true  additional  heat  of  the  water  can  only  be 
afcertained  at  the  furface ; or  at  lead  where  the 
calx  is  not  in  contad  with  the  bulb  of  the  ther- 
mometer. A drong  proof  of  this  may  be  feen 
in  Dr.  CVs  Experiments  on  the  metals  them- 
felves  i for  in  thofe  cafes,  where  the  heated 
body  is  in  a more  compact  form  and  lefs  in  con- 
tad  with  the  thermometer,  the  water  is  con- 
llantly  of  the  fame  heat  in  every  part.  Nay 
even  in  the  Experiments  on  the  metallic- calces, 
if  we  only  ufe  a fmall  (trainer  fo  as  to  keep  the 
calx  frpm  lying  immediately  upon  the  thermo- 
meter, the  water  will  be  as  warm,  and  in  fome 
inftances  warmer,  at  the  furface  than  at  tire 
. bottom.  It  may  perhaps  be  objeded  that  the 
water  under  thofe  circumitances,  by  being  con- 
fined within  the  (trainer,  is  not  in  a date  to  im- 
bibe the  heat  from  the  calx.  This  however  '13 
not  the  cafe  •,  for  the  (trainer  may  be  fo  con- 
(truded  that  it  may  be  moved  together  with  the 
thermometer  thro’  every  part  of  the  mixture 
and  frefh  portions  of  water  be  continually  paf- 
fing  through  it  j and  yet  the  fame  refult  will 

E take 
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take  place.  Bat  it  is  hardly  necefifary  to  ule 
many  arguments  on  this  fubjedt.  If  we  care* 
fully  examine  Dr.  C’s  Experiments,  I am  afraid 
we  fhall  fee  reafon,  not  only  to  doubt  the  method 
he  has  adopted  in  making  them*  but  the  accu- 
racy with  which  this  method  has  been  purfued  : 
For  in  fome  Experiments,  we  find  the  heat  at 
the  bottom  increafing  for  ieveral  minutes  while 
that  at  the  furface  is  decreafing;  in  others  on 
Similar  bodies  and  under  the  fame  circumftances 
the  very  contrary  takes  place*. — Nay  in  one  Ex- 
periment the  heat  firft  decreafes  at  the  furface  for 
two  minutes,  it  then  increafes  for  the  fame  time, 
it  afterwards  decreafes  for  a minute,  and  laftly 
becomes  ftationary  f.  It  it  not  very  difficult 
to  aflign  th£  cauie  of  thofe  incongruities.  The 
whoie  depends  upon  keeping  the  thermometer 
Heady  after  properly  mixing  the  two  bodies  to- 
gether. If  this  be  obferved,  the  mixture  goes 
on  to  cool  uniformly  in  every  part,  but  if  the 
thermometer  be  moved,  or  the  mixture  be 
otherwife  agitated,  a frefh  furface  of  the  heated 

* Compare  Experiment  2.  page  25,  and  Experiment 
4.  page  27,  with  Experiment  3.  page  26.  Compare 
alfo  Experiments  2.  and  5.  with  Experiments  3,  and  8. 
Proportion.  2. 

f See  Experiment  6-  Prop.  i. 
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body  is  expofed  to  the  water,  and  of  courfe  the 
uniformity  is  difturbed. 

The  method  of  taking  the  arithmetical  mean 
between  the  heat  at  the  furface  and  that  at  the 
bottom  of  the  vefifel  in  all  mixtures  indiferimi- 
nately  is  another  fource  of  error.  The  portions 
of  water,  for  inftance,  in  contadt  with  a bulky 
vegetable  and  the  folid  calx  of  a metal  are  fo 
very  different  in  the  Experiments  on  thofe  bodies, 
and  of  confequence  the  heat  is  fo  differently 
diffufed  throughout  the  mixture,  that  in  neither 
cafe  will  Dr,  C,’s  mean  give  the  real  degree  of 
heat  which  the  water  has  received  or  communi- 
cated. Nay  if  hot  water  be  poured  without 
any  additional  fubftance  into  a cold  velfel,  we 
fhall  never  find  the  heat  in  the  middle  to  be 
equal  to  fuch  a mean,  but  always  greater  than  it. 
— Several  other  fadts  might  be  produced  to  in- 
validate this  rule,  and  many  further  objedtions 
might  be  made  to  Dr.  C.’s  Experiments  in  ge- 
neral j but  I am  apprehenfive  of  becoming 
tedious,  and  (hall  therefore  difmifs  the  fubjedt, 
believing  that  the  conclufions  deduced  from 
thofe  Experiments  mult  be  rendered  ■precarious 
at  lead  by  the  inaccuracies  which  I have  already 
pointed  out. 

E 2 
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SECTION  the  THIRD. 

Ah  Examination  of  the  Proportions  upon  which 
Dr.  Crawford’s  Theory  is  founded. 

DR.  Crawford’s  whole  fyftem  is  founded  on 
the  denTonftration  of  the  three  following 
Propofltions,  Firft,  That  atmofpherical  air 
“ contains  a greater  quantity  of  abfolute  heat 
tc  than  the  air  which  is  expired  from  the  lungs 
“ of  animals,  and  that  the  quantity  of  abfolute 
“ heat  in  any  kind  of  air  is  very  nearly  in  pro- 
“ portion  to  its  purity,  or  to  the  power  of  lup- 
“ porting  animal  life.”  Secondly,  “ That  the 
“ blood  which  pafles  from  the  lungs  to  the 
“ heart  by  the  pulmonary  vein,  contains  more 
“ abfolute  heat  than  that  which  pafles  from 
« the  heart  to  the  lungs  by  the  pulmonary 
“ artery.”  Thirdly,  “ That  the  capacities  of 
“ bodies  for  containing  heat  are  diminifhed  by 
« the  addition  of  phlogiflon,  and  increafed  by 
“ the  reparation  of  this  principle.” 

In  attempting  toprove  the  truth  of  the  firftpro- 
pofinom  Dr.C.  beginswith  determining  thequan- 
tity  of  abfolute  heat  in  common  or  atmofpherical 

air ; 


[ 29  1 

jir ; and,  in  order  to  this,  adopts  Dr.  Irvine** 
rule  * in  making  his  Experiments.  Some  of 
thefe  I fhall  beg  leave  to  tranfcribe — not  with  a 
view  of  difputing  the  accuracy  of  the  Rule , or 
the  principles  upon  which  it  depends,  but  of 
examining  the  fafts  themfelves  as  they  arc 
Rated  in  thole  Experiments, 

EXPERIMENT,  I.  + 

“ Air  in  the  room  being  52,  a bladder  con? 
**  taining  one  pint  of  atmol'pherical  air  at  102 
was  immerfed  in  one  pint  of  water  at  52, 
the  heat  of  the  water  at  the  end  of 


Surface 

Bottom 

the  firft  minute  was 

S3 

the  fecond  minute 

53 

52* 

the  third  minute 

53% 

53 

the  fourth  minute 

53  + 

53k 

tf  In  this  Experiment  J the  heat  commu* 
“ nicated  to  the  water  by  the  air  and  bladder 
“ which  contained  it  was  one  degree  and  a 
“ quarter.  Of  this  quantity  of  heat  the  por>» 
“ tion  yielded  by  the  bladder  was  determined 
“ in  the  following  manner.” 

EXPERIMENT  II. 

“ One  pound  of  water  was  taken  at  53, 

* See  the  lall  Seflion.  f Dr.  C’s  Treatife,  page  34. 

J Ibid,  page  36, 
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* The  bladder  having  been  dried  and  freed 
“ from  air  was  raifed  to  102,  and  being  im- 
**  merfed  in  the  water,  the  heat  of  the  water 
*>*  was  at  the  end  of 

Surface  Bottom 

the  firft  minute  5 at  52 

the  fecond  minute  52*  52^' 

**  One  quarter  of  a degree  muft  be  allowed 
“ therefore  for  the  heat  imparted  by  the  blad- 
“ der,  and  hence  it  follows,  that  one  degree 
was  communicated  by  the  ^ir  in  the  firft 
*c  Experiment.’- 

4 . j 

, . < - . i 

Being  poffefied  of  this  datum  and  applying 
Dr.  Irvine’s  general  rule,  our  Author  finds  that 
the  abfolute  heat  of  air  is  to  that  of  water  in 
the  ratio  of  18.6  to  one  nearly. — Purfuing  the 
fame  courfe  in  making  his  Experiments  on 
phlogifticated  and  fixed  airs  he  finds  that  no 
more  heat  is  imparted  to  the  water  from  thofe 
airs  and  the  bladder  in  which  they  are  con- 
tained, than  when  the  fame  bladder  is  raifed  to 
an  equal  temperature  and  immerfed  in  the  water 
without  air.  But  with  regard  to  pure  dephlo- 
gifticated  air  the  cafe  is  faid  to  be  very  different. 
Here  the  quantity  of  heat  communicated  to. {he 
water  is  found  to  be  fo  confiderable  *,  that  the 

* Ibid,  page  5j. 
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abfolute  heat  of  the  one  is  to  that  of  the  other 
in  the  ratio  of  87  to  one. 

Admitting  Dr.  C’s  principles  to  be  true,  and 
at  the  fame  time  that  he  has  not  been  deceived 
in  making  his  Experiments,  thefe  fadts  appear 
to  be  decifive.  But  I mud  confefs,  that  though 
I have  repeated  thole  Experiments  in  all  the  va- 
riety of  methods  I could  think  of,  I have  never 
yet  been  able  to  didinguifh  the  lead  difference 
between  any  kinds  of  air.  It  is  a pity  that 
Dr.  C.  had  not  been  more  particular  with  re- 
fpedt  to  the  manner  in  which  he  made  thofe 
Experiments.  This  would  have  led  us  to  dif- 
cover  where  the  inaccuracy  lay.  At  prefent  we 
arc  left  to  conjecture;  though  perhaps  the  fol- 
lowing Experiments  may  aflid  a little  in  di- 
recting us. 

EXPERIMENT  I. 

Air  in  the  room  being  64,  three  quarters  of 
a pint  of  common  air  was  introduced  into  a 
bladder  (Fig.  id.)  (d)  in  which  a Thermo- 
meter (a)  had  been  previoufly  fixed,  and  the 
whole  was  covered  over  with  hot  fand  till  the 
mercury  rote  to  1120.  The  bladder  was  then 
taken  out,  and  with  the  utmod  expedition  im- 
merfed  in  one  pint  of  water  at  62*}.  The  ther- 
mometers 

r 
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mometers  in  the  water  gradually  rofe,  till  at  the 
end  of  three  minutes  both  Hood  at  635-. 

EXPERIMENT  II, 

The  fame  bladder  being  dried  and  again  filled 
tvith  the  fame  quantity  of  common  air,  was  co- 
vered over  with  fand  till  the  thermometer  rofe 
to  ii2tl.  The  heated  air  was  then  preficd  out 
through  the  perforation  in  the  cork  (b),  which 
being  inftantly  clofed  with  the  fmall  cork  ( c ), 
the  bladder  thus  emptied  was  immerfed  in  one 
pint  of  water  as  before  at  62 and  both  the 
thermometers  flood  at  the  end  of  three  minutes 
above  63^. 

Inflammable  air,  fixed  air,  and  phlogiflicated 
air  were  tried  in  the  fame  manner,  and  the 
refults  were  exaflly  fimilar  : The  empty  blad- 
der in  all  thofe  Experiments  raifing  the  water 
within  lefs  than  a quarter  of  a degree  as  high  as 
the  fame  bladder  diflended  with  thofe  different 

kinds  of  air. It  may  be  obferved  that  in 

heating  the  bladder  in  the  fecond  Experiment 
it  was  previoufly  filled  with  air. — This  flep  I 
take  to  be  abfolutely  neceffary  j for  it  is  noc 
pofiible  in  any  other  way  to  afcertain  whether 
the  bladder  has  become  of  the  fame  tempera- 
ture as  it  had  been  in  the  foregoing  Experi- 
ment, 
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ment-Mn  this  cafe  all  circumftances  are  flricffly 
the  fame,  the  bladder  is  uniformly  heated,  its 
temperature  is  obtained  with  accuracy,  and 
what  is  of  mod  conlequence,  the  fame  iurface 
is  expoied  to  the  water  as  when  it  is  didenckd 
with  air. — Were  I to  hazard  a conje&ure  I 
Ihould  imagine  that  an  inattention  to  this  par- 
ticular has  been  one  chief  caufe  of  Dr.  C’s 
error  : — And  I am  the  rather  inclined  to  this 
opinion  from  obferving,  that  if  the  bladder  be 
fhrivelled  up,  though  railed  to  112*,  it  will 
not  communicate  above  one  quarter  of  a de- 
gree of  heat  to  the  water,  which  is  nearly  in 
the  fame  proportion  as  Dr.  C.  has  found  it 
under  fimilar  circumdances. 

I have  not  only  varied  thofe  Experiments  by 
.taking  the  air  and  water  at  different  tempera- 
tures, but  indead  of  covering  over  the  bladder 
with  hot  fand  1 have  immerfed  it  in  hot  water 
till  the  thermometer,  inclofed  within,  has  been 
raifed  to  a given  height ; and  in  this  manner  I 
have  ascertained  the  difference  between  the  heat 
communicated  bv  tile  air  and  bladder  together, 
and  the  heat  communicated  by  the  bladder 
alone  •,  but  I have  never  found  an  ind.  nee  which 
would  judify  me  in  faying,  that  one  kind  of  air 
has  a greater  power  of  heating  water  than 

F another ; 
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another  •,  or  according  to  Dr.  C.’s  principles^ 
that  one  kind  of  air  contains  more  abfolute  heat, 
than  another. 

It  will  be  proper  to  add  here,  that  in  lieu  of  a 
bladder,  as  is  reprefented  in  Fig.  i,  I have 
heated  the  air  in  a Florence  flafk  and  immerfed 
it  in  water,  but  with  the  fame  fuccefs ; — having 
never  been  able  to  difcover  the  lead  difference 
in  the  heat  communicated  by  the  pureft  de- 
phlogifticated  air,  and  by  the  moft  noxious  fixed 

air. Confidering  the  great  number  of  trials 

I have  made,  and  the  ftridt  care  I have  taken 
that  every  minute  circumftance  fhould  be  the 
fame,  I am  not  difpofed  to  believe  that  I can 
poffibly  have  been  miftaken. — Stilly  however,  I 
do  not  think  it  the  lefs  neceffary  to  iniert  the 
following  method  which  I adopted,  in  order  ta 
be  further  fatislied  on  this  fubjedt. 

EXPERIMENT  III.  * 

To  a thick  deal  board  (a)  about  five  feeP 
long  and  one  and  a half  wide  were  fixed  two 
Hands  ( k ) and  ( e .)  On  the  former  (k)  was 
placed  a pail  (d)  of  hot  water  at  n6°,  and 
on  the  latter  ( e j a tin  veffel  (/)  with  one  pint 
of  cold  water  at  64°.  In  the  pail  (d)  was' 


# Fig.  2d. 
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immerfed  a bladder  ( h ) (to  which  a brafs  ftop- 
x:ock  (i)  had  been  previoufly  fitted)  containing 
a quantity  of  common  air. — In  the  fide  and 
near  the  bottom  of  the  tin  vefiel  (/)  was  fixed 
a hollow  tube  ( e ) with  one  end  projecting  half 
an  inch  through  a hole  in  the  deal  board  (a)t 
and  with  the  other  end  projecting  on  the  infide 
of  the  tin  vefiel  fo  as  to  have  the  neck  of  a 
flaccid  bladder  (^)  tied  round  it.  By  this 
means  a communication  was  formed  between 
the  two  bladders  ( h ) and  (^),  while  at  the  fame 
time  the  hot  water  in  the  pail  was  prevented 
from  affeCting  the  temperature  of  the  water  in 
the  tin  vefifel  (/)  by  the  board  (a)  which  in- 
tercepted them.  The  flaccid  bladder  (£•)  which 
lay  floating  in  the  cold  water,  would  contain, 
when  full,  one  pint  of  air. — In  this  fame  water, 
and  fo  as  not  to  touch  the  fide  of  the  tin  vefiel, 
a thermometer  ( h ) was  alio  fufpended.  Things 
being  thus  prepared,  and  having  kept  the 
bladder  ( h ) and  the  brafs  flop-cock  (;')  toge- 
ther with  both  my  hands  under  the  water  in 
the  pail,  till  the  air  in  the  bladder  had  come 
within  two  degrees  of  the  fame  heat  with  this 
water,  I gently  lifted  up  the  mouth  of  the 
brafs  cock,  and,  carefully  obferving  in  the 
mean  while  that  the  bladder  was  entirely  im- 
merfed, took  out  a fmall  cork  which  had  been 

h 2 inferred 
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inferted  with  a view  of  preventing  any  hot 
water  from  getting  into  the  cock  and  con- 
fequently  being  forced  into  the  bladder  (g). 
I then  fixed  this  cock  into  that  part  of  the 
hollow  tube  (c)  which  projected  through  the 
deal  board,  and  with  my  hand  under  the  water 
preffing  the  bladder  (£),  the  heated  air  which 
it  contained  inftantly  palled  into  the  other 
bladder  (£),  which  being  now  expanded,  ele- 
vated the  water  in  the  tin  veffcl  (/)  fo  as  to  be 
totally  covered  by  it.  Upon  which  I turned 
the  brafs  cock  (*)  to  exclude  any  communica- 
tion with  the  remaining  air  in  the  bladder  (£), 
and  let  the  whole  continue  in  this  date  for 
three  minutes  •, — but  during  all  that  time  the 
water  in  the  tin  veffel  (/)  was  not  raifed  one 
tenth  of  a degree. 

Tn  the  fame  manner  I repeatedly  tried  phlo- 
gifticated  air,  fixed  air,  inflammable  air,  and 
'even  dephlogifl hated  air,  but  never  could  ob- 
serve the  lead  difference.  In  all  of  them  the 
heat  communicated  to  the  cold  water  was  fo 
trifling,  that  notwithstanding  the  fcale  of  my 
thermometer  was  very  large,  I could  hardly 
perceive  any  alteration  in  the  mercury. — That 
the  bladder  (g)  did  abforb  a part  of  the  heat 
will  be  readily  admitted  ; but  then,  allowing 

Dr. 
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Dr.  C.  to  be  right,  it  could  have  abforbed 
no  more  than  it  had  communicated  to  the  water 
when  he  made  his  Experiments,  and  confe- 
quently  the  greateft  part  mufl  have  pafied  thro* 
the  pores  of  the  bladder  into  the  water  — where, 
according  to  his  principles,  it  ought  to  have 
produced  in  the  cafe  of  common  and  dephlo- 
gifticated  air  very  fenfible  effedls. 

Since  thefe  fpecies  of  airs  do  not  appear  to  be 
more  remarkable  in  their  effedls  than  others,  and 
confidering  likewife  that  the  effedts  produced  by 
every  kind  of  air  are  almoft  imperceptible;  may  it 
not  be  fairly  concluded  from  Dr.  C’s  own  prin- 
ciples, that  either  all  airs  contain  the  fame  quantity 
of  ablolute  heat ; or  if  there  be  any  difference, 
that  no  Experiments  have  hitherto  been  able 
to  alcertain  it ; and  th3t  in  whatever  inftances 

i * ' # 

the  refults  have  varied  under  fimilar  circum- 
fiances  they  molt  probably  have  been  owing  to 
the  inaccuracy  with  which  thofe  Experiments 
were  made  ? 

I obferved  (page  30)  that  Dr.  C.  could  dis- 
cover no  heat  to  be  communicated  to  water 
from  fixed  and  phlogiflicated  airs,  and  confe- 
quently  that  he  only  inferred  in  general  that 
they  contained  lefs  abfolute  heat  than  common 
air,  without  being  able  to  aiceruin  in  what 

proportion. 
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proportion.  He  has  however  attempted  to  re-r 
move  this  difficulty  with  refpeid  to  fixed  air  by 
determining  the  comparative  quantities  of  heat 
in  chalk  and  quicklime,  and  from  thence  the 
comparatiye  quantities  of  heat  in  fixed  air  and 
water. — -Though  what  has  been  already  faid  on 
this  fubjed  may  have  rendered  any  further  re- 
marks unneceffary  j yet,  fince  a great  number 
of  our  author’s  fubfequent  conclufions  are  de- 
rived from  this  inveftigation,  it  will  not  per- 
haps be  improper  to  give  fome  account  of  it. 

“ Chalk  and  limeflpne,  Dr.  C.  pbferves, 
u contain  more  than  one  third  of  their  weight 
“ of  fixed  air  *,  and  when  they  are  deprived 
of  this  fluid  are  converted  into  quicklime.’* 
In  order,  therefore  to  afcertain  with  accuracy 
the  abfolute  heat  of  fixed  air,  the  firfl  ftep 
that  is  taken,  is  to  compare  the  heat  of  crude 
calcareous  earth  with  that  of  quicklime. 

Experiment  I.  f <c  One  pound  of  chalk 
sjt  58,  was  mixed  with  one  pound  of  water 
at  158;  the  temperature  of  the  mixture  at 
the  end  of  the  firft  minute  was  135,  and 
at  the  end  of  the  fecond  minute  *34.-— - 
JVdding  one  degree  for  the  heat  carried  off  by 

* Page^.  t Page  43. 
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the  air  in  the  firft  minute  we  have  136  for  the 
temperature  of  the  mixture.  The  chalk  was 
raifed  78°.  and  the  water  cooled  by  the  chalk, 
and  veflfd  together  220.  It  was  cooled  by  the 
vefiel  two  degrees  nearly  5 it  was  therefore 
cooled  20  degrees  by  the  chalk,  and  hence 
the  heat  of  water  is  to  that  of  chalk  as  78  to  20y 
or  as  3.9  to  t.” 

Experiment  II.  * “ Air  64,  half  a pound 

of  powdered  chalk  at  64  was  mixed  with 
an  equal  weight  of  powdered  chalk  at  164. 
The  mixture  at  the  end  of  one  minute  was 
1 1 6°  — two  minutes  1140,  — three  minutes 
1120  — five  minutes  1110  — eight  minutes 
no0. — The  vefiel  in  which  this  Experimenc 
was  made  was  heated  to  1 14'  previous  to  the 
mixture ; hence  it  appears  that  equal  quan^ 
tities  of  chalk  at  different  temperatures  being 
mixed  together,  the  temperature  of  the  mix- 
ture at  the  end  of  two  minutes  was  half  the 
excels  of  the  hotter  above  the  colder.” 

Experiment  III.  *f  “ One  pound  of  quick- 
lime at  61  was  mixed  with  one  pound  of 
ehalk  at  1 6 1 ; the  mixture  at  the  end  of 


one' 
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one  minute  was  no— 'five  minutes  no,  —2 
fix  minutes  m, — eight  minutes  112, — and 
twelve  minutes  110.  The  vefiel  was  heatedf 
to  iii°  previous  to  the  mixture.  Taking  112 
for  the  common  temperature,  we  have  49  for 
the  heat  feparated  from  the  chalk,  and  51  for 
that  gained  by  the  quicklime,  and  hence  the 
abfolute  heat  of  chalk  is  that  of  quicklime  as 
51  to  49,  or  nearly  as  25  to  24.” 

Dr.  C.  next  proceeds  to  prove  by  the  converfe 
of  one  Experiment,  and  a long  train  of  deduc- 
tions,' that  the  quanmy  of  heat  contained  in  the 
earth  and  air  when  feparated,  is  not  greater' 
than  the  heat  which  they  contained  previous  to 
their  feparation  ; or  in  other  words,  that  the 
fum  of  the  heats  of  the  fixed  air  and  quicklime 
is  juft  equal  to  the  heat  of  the  chalk  before  it 
had  been  calcined.  From  thefe  data  the  abfo- 
lute heat  of  fixed  air  compared  with  that  of 
chalk  is  determined  in  the  following  manner. — 
The  heats  of  equal  quantites  of  chalk  and 
quicklime  have  been  Ihewn  to  be  as  25  to  24: 
confequently,  the  heat  of  any  given  quantity  of 
chalk  to  two  thirds  of  that  quantity  of  quick- 
lime will  be  as  25  to  16.  Now  fince  this  is  the 
proportion  of  quicklime  in  chalk,  and  the  re- 
maining third  is  fixed  air,  (which  together  with 

the 
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the  quicklime  is  proved  to  contain  as  much 

heat  as  the  chalk  previous  to  its  calcination) 
it  follows,  that  the  difference  -between  25  and 
1 6 (or  9)  exprelfes  the  quantity  of  heat  in 
fixed  air,  and,  therefore,  taking  equal  quan- 
tities of  chalk  and  fixed  air,  the  heat  of  the 
fixed  air  will  be  to  that  of  chalk  as  (9x3  or) 
27  to  25.  But  by  the  firft  Experiment  if 
appears  that  the  heat  of  chalk  is  to  that  of 
water  as  1 to  3.9.  The  heat  of  fixed  air  there- 
fore is  tq  that  of  water  as  27  to  25x3.9  or 

nearly  as  1 to  3.6. 

With  regard  to  the  firft  Experiment  in  this 
very  complicated  inveftigation,  it  may  be  ob- 
ferved  that  it  is  defe&ive  in  feveral  refpeels. 
The  heat  of  the  air  in  the  room  is  emitted* 
the  different  temperatures  at  the  furface  ar.d 
bottom  are  not  fpecified,  the  heat  of  the 
mixture  is  only  given  for  two  minutes,  during, 
which  time  the  chalk  cannot  pofiibiy  have  ac- 
quired its  greatefc  heat,  for  Dr.  C.  reprefents 
this  procefs  to  be  a very  flow  one  * ; in  lhorc 
the  whole  Experiment  bears  fo  much  the  ap- 
pearance of  inaccuracy,  that  nothing  can  be 
concluded  from  it  with  any  tolerable  precifion. 
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The  defign  of  the  fecond  Experiment,  we  are 
told,  is  to  determine  the  accuracy  of  the  third  5 
that  is,  becaufe  the  temperature  of  equal  por- 
tions of  hot  and  cold  chalk  mixed  together 
was  half  the  excefs  of  the  hotter  above  the 
colder  at  the  end  of  two  minutes,  the  tempe- 
rature of  cold  quicklime  and  hot  chalk  mixed 
in  the  fame  manner  may  be  truly  afcertained  at 
the  end  of  eight  minutes.  Now  if  in  the  latter 
of  thefe  two  Experiments  the  heat  be  taken 
when  it  is  greateft,  I fee  no  good  reafon  for  de- 
clining the  fame  rule  in  the  former;  unlefs  it 
be  to  avoid  the  abfurdity  which  muft  enfue, 
by  taking  the  temperature  of  the  mixture  at 
any  other  period  than  at  the  end  of  the  fecond 
minute  •,  for  in  this  cafe  it  would  follow,  that 
chalk  contains  more  heat  than  itfelf  -f.  In  mix- 
ing two  folid  fubftances  together  at  different 
temperatures,  it  is  hardly  pofkble  to  blend 
them  fo  intimately  as  that  the  heat  in  the  courfe 
of  a few  minutes  fhall  be  equally  diffufed 
through  the  whole  ; and  this  being  the  cafe,  it 
is  evident  that  the  refult  of  an  Experiment  will 

f Had  ’the  heat  of  the  mixture  in  the  third  Experiment 
been  taken  as  it  was  at  the  end  of  the  fir  It  five  minutes,  the 
abfolute  heat  of  quicklime  inftead  of  being  lefs  would  have 
been  greater  than  that  of  chalk  in  the  proportion  of  5 i to 
49,  and  the  heat  of  fixed  air,  as  deduced  from  hence  by 
Dr.  C,  would  have  been  different. 

depend 
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depend  very  much  on  that  part  of  the  mixture 
in  which  the  thermometer  is  fixed.  The  two 
preceding  Experiments  are  ftriking  proofs  of 
this : For  in  one,  by  happening  to  place  the 
thermometer  in  the  hotteft  part  of  the  mixture, 
the  mercury  is  higheft  at  the  end  of  the  firlt 
minute,  and  gradually  falls  every  fucceeding 
minute,  while  the  hotter  particles  are  diffufing 
their  heat  to  the  colder  ones  fo  as  to  make  the 
whole  of  the  fame  temperature; — in  the  other, 
where  the  thermometer  happens  to  have  been 
fixed  in  the  coldeft  part  of  the  mixture,  the 
very  reverfe  of  ail  this  takes  place,  and  the 
mercury  rifes  (though  irregularly)  for  the  lpace 
of  eight  minutes. — We  have  leen,  however, 
that  Dr.  C.  finds  no  difficulty  in  reconciling 
thefc  two  Experiments  to  each  other,  and  in 
deducing  conclufions  from  them  to  fupport  the 
truth  of  his  fyftem.  But  it  is  a pity  he  did 
not  endeavour  to  be  more  exaft  in  obfervina 

o 

that  every  minute  circumftance  in  both  Expe- 
riments were  ftridtly  the  lame  : For  without  this 
precaution,  it  is  impoffible  to  deduce  any  corn 
dufions  with  the  leaft  certainty  or  fatisfadtion. 

Befides  the  inaccuracies  of  thefe  Experiments 
it  is  alfo  evident  that  nothing  can  be  more 
precarious  than  the  method  which  Dr.  C.  has 

G 2 taken 
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taken,  of  determining  the  heat  of  fixed  air 
•when  it  is  a conftituent  part  of  the  calcareous  earth,. 

In  this  combined  form  it  becomes  fo  many  hun- 
dred times  * denftr  than  in  a feparate  date, 
that  it  feems  hardly  poffible  to  alcertain  its  real 
properties  by  conlidering  it  in  a form  fo  very 
different  from  its  natural  one.  ' How  fadly 
fhould  we  be  milled,  were  we  to  judge  of  the 
effedts  of  the  marine  acid  from  a folution  of 
common  fait  in  water  •,  or  of  the  corrofive  nature 
of  quicklime  from  the  harmlefs  powder  of  mar- 
ble ? — But  it  is  unnecefiary  to  expatiate  on  the 
amazing  changes  which  bodies  undergo  by- 
chemical  combinations.  This  is  a fubjedt  with 
which  Dr.  C.  is  undoubtedly  well  acquainted; 
and  I am  furprized  that  he  fliould  not  have  : 
attended  more  to  it  in  the  prefent  invefbgation. 

— ,■■■■—  . ■ I 

It  is  r.ct  my  defign  to  enter  minutely  into  Dr.  j 

C.’s  theory  of  animal  heat.  1 cannot  however,  \ 

. 

* The  Hon.  Mr.  Cavcndifh  makes  the  fpecific  gravity 
of  fixed  air  to  be  to  that  of  water  as  i to  563,  (a)  and  Mr.  | 
Cotes  makes  the  fpecific  gravity  of  water  to  be  to  that  of  1 
limeflone  as  1 to  2/^  (<J).  It  follows  therefore  that  the 
fpecinc  gravity  of  fixed  air  and  limellone  are  to  each  other 
as  1 to  1 3 20. 

(a)  Phil.  Tranfr.Sions,  vol.  56,  N.  19.  ( b ) Cotes's  Hydro? 

ftaticx,  page  Os,  iff.  Edit. 
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pafc  over  the  Experiment  £ by  which  he  prove$ 
the  truth  of  his  fecond  Propofilion  without  obT 
lerving,  that  it  appears  rather  precipitate  to 
found  a fyftem  upon  one  fa  ft,  and  that  faft: 
fup.orted  only  by  one  Experiment,  which  alio 
is  far  from  being  the  leaft  exceptionable  in  his 
trenile. — Indeed  if  we  attend  here  to  thofe 
fources  of  inaccuracy,  which  I have  already 
pointed  out  in  Dr.  C.’s  Experiments  in  general, 
we  fhall  not  perhaps  be  at  a lofs  to  account 
for  the  very  fmall  variation  * in  the  refults 
of  the  two  parts  of  this  Experiment,  without 
having  recourfe  to  the  different  quantities  of 
heat  in  arterial  and  venous  blood.  — It  is 
a little  remarkable  that  our  author  in  a 
former  Experiment  (page  29)  for  afeertaining 
the  quantities  of  heat  in  a mixture  of  thefe  two 
forts  of  blood  makes  it  to  be  nearly  as  great  as 
the  quantity  which  has  been  found  in  the  pre- 

J Ic  is  neceffary  to  dbferve  that  though  D.  C.  gives  tn.ua  , 
Experiments  under  this  Proportion,  they  are  in  reality  but 
different  parts  of  the  fame  Experiment  ; the  one  afeertain- 
ing  the  heat  of  arterial,  the  other  that  of  venous  blood,— 
neither  of  which  feparately  determined  is  fufficient  to  ella- 
blifh  the  truth  of  the  Propofnion. 

* The  proportion  of  heat  in  arterial  and  venous  blood  is 
given  in  this  Experiment  only  as  2.3  to  2. 

fent 
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fent  Experiment  to  be  contained  in  arterial 
blood  alone  ; the  abfolute  heat  of  the  latter 
being  to  that  of  the  former  in  the  ratio  of  97.6 
to  97.08,  or  only  of  2.3  to  2.29. — The  differ- 
ence in  thefe  quantities  is  vaftly  too  inconfiderable 
even  on  Dr.  C.’s  own  i'uppofftion.  Nay,  if  it 
were  admitted  that  the  proportion  of  venous 
blood  was  only  one  third  of  the  mixture,  it 
would  (till  follow  from  that  Experiment  that  it 
contained  within  75  part  as  much  abfolute  heat 
as  is  contained  in  arterial  blood.-— A difference 
(confidering  the  nature  of  the  Experiment)  fo 
very  trifling  that  it  might  fafely  be  rejected.— 
Were  we  therefore  to  reafon  from  this  fadb, 
(which  perhaps  might  be  done  with  as  much 
propriety  as  from  the  prefent  Experiment)  we 
fhould  be  led  to  conclude  that  the  quantities  of 
abfolute  heat  in  venous  and  arterial  blood  are 
equal,  and  by  this  means  overturn  the  whole 
fyftem  of  animal  heat. 


The  third  Propofition,  like  the  preceding 
one,  leerns  to  be  fup ported  by  very  few  Expe- 
riments •,  and  thefe  being  only  on  one  clafs  of 
bodies  muff;  render  a general  conclufion  deduced 
from  them  refpedling  all  bodies  exceedingly 
precarious.  To  fay  that  every  fubftance  irj 
nature  has  lefs  heat  in  proportion  as  its  phlogi- 
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fton  is  increafed,  merely  becanfe  metals  may 
have  this  property,  is  to  take  a vaft  deal  too 
much  for  granted,  and  to  betray  a greater  fond- 
nefs  for  fy Items  than  appears  to  be  confident 
with  true  philofophy. — Let  it  be  admitted  that 
Dr.  C.  has  proved  to  a certainty  that  tin,  lead, 
iron,  and  antimony  contain  lefs  heat  than  theft 
‘calces;  and  let  it  be  further  admitted  that  all 
metals  have  their  heat  diminifhed  as  their  phlo- 
gifton  is  increafed:  Still  if  the  following  Ex- 
periments, made  upon  the  fame  principles,  de- 
inonftrate  this  not  to  be  the  cafe  with  refpeft  to 
all  the  different  bodies  either  in  the  mineral  or 
vegetable  kingdom,  it  muft  alfo  be  admitted 
that  Dr.  C.’s  fyftem  is  not  founded  upon  an 
univerfal  law  of  nature  ; and  that  it  is  peculiarly 
unfit  for  explaining  the  phenomena  of  com- 
buftion,  which  are  known  to  be  moll  powerful 
in  thofe  very  fubftances  which  prove  to  be 
exceptions  to  his  general  rule. 

EXPERIMENT  IV. 

* ' r 

Air  in  the  room  being  56,  a quarter  of  a 
pound  of  dry  faw  duft  * at  58  was  mixed  with 

one 

* The  reafon  for  taking  thofe  fubflanccj  in  fuch  fmall 
quantities  is  their  being  fo  exceedingly  light,  that  the 

water 
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bne  pound  and  a half  of  water  at  172,  the 


mixture  at  the  end  of 

Surface 

Bottom 

Medium 

the  firft  minute 

l62i 

J54 

158? 

the  fecond  minute 

1 60 

150 

l55 

the  third  minute 

157* 

1464 

152 

Adding  3.19  for  the  heat  carried  off  the  firft 
minute  we  have  161.44  for  the  true  tempera- 
ture of  the  mixture.  The  capacity  of  the  veffel 
for  containing  heat  to  that  of  water  was  as  1 to 
12,  and  fince  this  veffel  was  raifed  from  58  to 
158-4:  it  follows  that  it  carried  off  8.^5  degrees 
of  heat.  The  water  was  cooled  1056  by  the 
faw-duft  and  veffel  together.  It  was  cooled 
therefore  2.21  degrees  by  the  faw-duft  alone. 
The  faw-duft  was  raifed  from  58  to  161.44,  or 
103.44  degrees.  Confequently  the  heat  of  a 
given  quantity  of  faw-duft  to  fix  times  that 
quantity  of  water  is  as  2.21  to  103.44;  and 
the  heat  of  equal  quantities  of  thofe  bodies  is 
in  the  ratio  of  13.26  to  103.44,  or  of  1 to  7.8.  ' 

water  would  not  cover  them  in  a larger  proportion.  This 
however,  according  to  Dr.  C.  (a)  makes  no  difference  in. 
the  refult  of  the  Experiment. 

(a)  See  page  12,  &C.  See  alfo  Magellan’s  EJfai  fur  la  r.cu- 
<velle  tbeorie  du  feu  Element  air  e &c.  page  168,  169,  tfc. 
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EXPERIMENT  V. 

Air  in  the  room  being  6 1,  a quarter  of  a 
pound  of  pot  alhes  at  65  was  mixed  with  one 
pound  and  a half  of  water  at  17  7*.  The  mixture 
at  the  end  of 

t ' ' 


Surface 

Bottom 

Medium 

the  firft  minute  was 

167 

165 

1 66 

the  fecond  minute 

Ibt 

i64t 

162? 

the  third  minute 

157 

1 64 

i6of 

From  hence  it  may  be  found  by  purfuing  the 
fame  fteps  with  thofe  in  the  preceding  Experi- 
ment, that  the  heats  of  equal  quantities  of  water 
and  calcined  wood  are  in  the  ratio  of  23.6  to  I. 
It  follows  therefore  that  the  abfolute  heat  of 
dried  wood  is  to  that  of  calcined  wood  in  the 
ratio  of  23.6  to  7.8  or  of  3 to  one. 

EXPERIMENT  VI. 


Ait  in  the  room  being  42,  half  a pound  of 
dry  pit  coal  at  42  was  mixed  with  one  pound  of 
water  at  167.  The  mixture  at  the  end  of 


Surface 

Bottom 

Medium 

the  firft  minute  was  144 

140 

142 

the  fecond  minute 

I 42 

140 

I4I 

the  third  minute 

1 39 

139' 

The  capacity  of  the  veflfel  for  containing  heat 
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was  as  above.  From  thefe  data  the  abfolute 
heats  of  equal  quantities  of  coal  and  water  may 
be  found  to  be  in  the  ratio  of  i to  3.4. 

EXPERIMENT  VII. 

Air  in  the  room  being  42,  half  a pound  of 
coal  perfectly  calcined  at  43  was  mixed  with 


one  pound  of  water 
at  the  end  of 

at 

150.  The 

mixture 

Surface 

Bottom 

Medium. 

the  firft  minute  was 

132 

* 13^ 

132 

the  fecond  minute 

I3I 

I3I1 

13.1i 

the  third  minute 

129 

*3* 

130 

From  hence  it  will  appear  that  the  heat  of  cal- 
cined coal  to  that  of  an  equal  quantity  of  water 
is  in  the  ratio  of  1 to  5. — Confequently,  the  ab- 
solute heat  of  dried  coal  is  to  that  of  calcined 
coal  in  the  ratio  of  5 to  3.4. 

In  addition  to  thefe  Experiments  it  will  not 
be  improper  to  obferve  that  Mr.  Kirwan  de- 
termines the  abfolute  heat  of  alcohol  to  be  in 
proportion  to  that  of  water  as  108.6  to  100* 

It 

# See  Mr.  Magellan's  Efiai  fur  la  nouvelle  Theorie  du 
Feu  elemcntaire,  &c.  (page  177);  where  it  is  alfo  aflerted 
that  a folution  of  brown  fugar  and  water  contains  more 
heat  than  water  alone  in  the  fame  proportion  as  alcohol 

docs ; 
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It  is  unnecefTary  to  comment  on  thofe  fadls. 
If  we  reafon  from  Dr.  C.’s  principles,  it  is  evi- 
dent that  the  conclufions  to  be  deduced  from 
them  muft  be  diredtly  contrary  to  his  fyftem  of 
combuftion. 


' " ' T— 

SECTION  the  FOURTH. 

On  the  Application  of  Dr.  Crawford’s  Theory 
to  the  phenomena  of  Heat>  Combuftion , &c. 

IT  feems  to  appear  from  what  is  faid  in  the 
foregoing  fedtions,  that  Dr.  Crawford’s  Ex- 
periments are  far  from  eftablifhing  his  fyftem. 
And  this,  if  true,  renders  it  unneceftary  to  make 
ufe  of  any  further  arguments.  But  let  us  fuppofe 
that  all  thofe  Experiments  are  accurate,  that  the 
quantity  of  abfolute  heat  in  air  is  in  proportion 
to  its  purity,  and  that  the  quantity  of  this  heat 
in  all  bodies  is  diminilbed  as  their  phlogifton 

docs  ; that  is,  in  the  ratio  of  iofl.6  to  100.  Now  it  is 
well  known  that  fugards  a very  inflammable  body.  Should 
it  not  therefore  follow  from  Dr.  C.’s  theory,  that  this 
Solution  contained  lefs  abfolute  heat  than  water  ? 

H 2 
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is  increafed  ; — fti'l,  however,  the  fyftem  which 

has  been  deduced  from  thcfe  data  is  liable  to 

\ 

fuch  a variety  of  objedi®ns,  and  appears  in  fo- 
many  inftances  to  contradift  the  fadls  which 
have  been  recorded  by  other  philofophers,  that 
I cannot  help  extending  my  enquiries  to  this 
part  of  the  fubjedt. 

It  may  be  obferved  that  Dr.  C.  has  taken 
much  pains  to  determine  tFie  abfolute  heat  of 
fixed  air ; and,  admitting  the  principles  and 
refults  of  his  Experiments  to  be  juft,  it  appears 
that  the  ratio  of  the  heat  of  this  kind  of  air  is 
to  that  of  atmofpherical  air  as  i to  67.  — 
From  hence  he  concludes  * that  the  fame  heat 
which  raifes  the  latper  any  given  number  of  de- 
grees, will  raife  the  former  the  fame  number  of 
degrees  multiplied  by  67. — Proceeding  on  this 
ground  !;e  computes  the  heat  which  is  yielded 
by  atmofpherical  air  when  it  is  converted  into 
fixed  air  in  the  following  manner. — “In  the 
“ Peterfburgh  .P'xperiment  the  heat  was  di-  \ 
“ minifhed  200  degrees  below  the  common 
“ temperature  of  the  atmolphere.  We  are 
“ therefore  certain  that  atmofpherical  air  when 
“ at  the  common  temperature  of  the  atmofphere 

* Pa^e  7c. 
e>  / ■ 

“ contains 
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if  contains  at  lead  200  degrees  of  heat.  Hence  if 
a certain  quantity  of  atmofpherical  air  not  in 
contact  with  any  body  that  would  immedi- 
“ atelv  carry  off  the  heat  fliould  luddenly  be 
f*  converted  into  fixed  air,  the  heat  which  was 
contained  in  the  former  would  raife  the  latter 
*c  2ocr°  multiplied  by  67  or  13,400  degrees  : -j' 

“ And  the  heac  of  red  hot  iron  being  1050, 

“ it  follows  rh«t  the  quantity  of  heat  which  is 
yielded  by  atnv.  fpherical  air  when  it  is  con- 
verted  into  fixed  air  is  fuch,  (if  it  were  not 
*5  diflipated)  as  would  raife  the  air  i'o  changed  to 
*■*  more  than  12  ernes  the  heat  of  red  hot  iron.”'{- 
— By  the  afiiftance  of  this  calculus  and  the 
third  propofiuoti  Dr.  C.  explains  the  whole 
myltery  of  combuftion.  “ Inflammable  bodies 
f*  (he  obferves)  abound  with  phlogifton  and 
contain  little  abfoiute  heat.  Atmofpherical 

f Does  not  this  reafoning  fuppofe  that  fixed  air  has  no 
Jieatin  it  ; or  that  common  air  in  combullion  gives  away 
its  whole  heat,  leaving  none  for  the  fixed  air  into  which 
}t  is  refolved  ? — If  any  is  left  in  this  fixed  or  rather  phlo- 
gifticated  air,  will  not  the  quantity  of  fire  produced  be  fo 
•jouch  lefs  than  this  flrangs  calculation  makes  it  ? — 
In  truth  the  2po  degrees  here  mentioned  make  no  addition 
to  the  fire  produced  : The  refu’t  of  the  combullion  being, 
according  to  Dr  C.’s  fyftem,  an  air  having  only  one  de- 
gree of  heat,  inllead  of  an  air  having  67  degrees, 
t Pa2c*  70> 
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ft  air  on  the  contrary  abounds  with  abfoluta 
“ heat  and  contains  littie  phlogifton.  In  the 
“ procefs  of  inflammation  the  phlogifton  is 
feparated  from  the  inflammable  body  and 
“ combined  with  the  air.  The  air  is  converted 
into  fixed  and  phlogifticated  air,  and  at  the 
“ fame  time  gives  off  a very  great  proportion 
of  its  abfolute  heat,  which  when  extricated 
“ fuddenly  burfts  forth  into  flame,  and  pro- 
“ duces  an  intenfe  degree  of  fenfible  heat.- 
“ We  have  found  by  calculation  that  the  heat 
which  is  produced  by  the  converfion  of  at- 
“ mofpherical  into  fixed  air  is  fuch  (if  it  were 
**  not  difiipated)  as  would  be  fufficient  to 
tc  raile  the  air  fo  changed  to  more  than  12 
times  the  heat  of  red  hot  iron.  It  appears 
“ therefore  that  in  the  procefs  of  inflammation 
a a very  great  quantity  of  heat  is  derived  from 
“ the  air.  It  is  manifeft  on  the  contrary  that 
“ no  part  of  the  heat  can  be  derived  from 
“ the  combufiible  body.*” 

Such  are  the  outlines  of  this  wonderful 
theory. — A theory  which,  if  it  be  true,  well 
defer  ves  the  epithet  of  brilliant , and  every  .en- 
comium which  its  moft  zealous  admirers  can 

* Page  76. 
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beftcnv  upon  it. — Hut  I cannot  help  at  prcfent 
confidering  it  as  rather  more  brilliant  than  fvlid  ; 
and  the  following  obfervations  may  perhaps  in 
tome  mealure  juftify  this  opinion. 

That  the  fame  heat  which  raifes  common  air 
cne  degree  fhould,  as  Dr.  C.  afferts,  raife 
fixed  air  67  degrees,  appears  to  be  a fad;  fo  ex- 
traordinary, and  at  the  fame  time,  if  true,  fo 
eafily  demonftrated,  that  I am  furprized  we 
have  no  other  proof  of  its  exigence  than  a mere 
dedudion  from  his  very  complicated  Experi- 
ments on  chalk  and  quicklime. — If  heat  pro- 
duces effects  fo  immenfely  greater  on  fixed 
than  it  does  on  common  air ; then  a thermo- 
meter in  fimiliar  circurrtttances  would  rife  many 
times  fatter  in  the  one  when  heated  than  in  the 
other : — And  yet  I have  never  found  the  leatt: 
difference. 

EXPERIMENT. 

Having  filled  ttfo  fcparate  bladders,  the  one 
containing  a pint  of  fixed  air,  and  the  other  an 
equal  quantify  of  common  air  at  75°  ; — and 
having  fixed  a thermometer  in  each  of  thole 
bladders  as  in  fig.  i it  and  tied  to  their  refpedive 
I bottoms  a large  piece  of  lead  in  order  to  make 

them 
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them  fink  rrtore  readily,  I took  a bladder  irf 
each  hand  and  plunged  them  both  at  the  fame 
inftant  into  a pail  of  water  at  150®.  when  it 
appeared  that  the  mercury  rofe  as  faft  in  the 

fixed  as  it  did  in  the  common  air.  * 

. » , ' 

In  the  fame  manner  I tried  common  and  in- 
flammable airs,  and  alfo  phlogifticated  and  de- 
phlogifticated  airs,  (in  which  cafe  the  one  ought 
to  have  heated  300  times  falter  than  the  other,) 
but  the  refuits  of  all  thofe  Experiments  were 
much  the  fame. — Nay,  Sir  Ifaac  Newton  ob- 
ferves  that  “ a thermometer  even  in  vacuo 

* Should  it  be  urged,  that  Dr.  C.  only  expreffed  him- 
felf  ihcorreftly,  in  faying  that  the  fame  heat  which  raife’s 
common  air  i degree  wiil  raife  fixed  air  67  degrees  ; and, 
that  his  meaning  is  only  that  common  air  in  a given 
degree  of  fenfible  heat  contains  in  a latent  date  67  times 
gs  riiuch  heat  as  fixed  air  of  the  fame  degree  of  fenfible 
heat  i yet]  if  by  the  the  degree  of  abfolute  heat  he 
meant,  what  alone  it  properly  fignifies,  the  different  ca- 
pacities of  being  heated  and  cooledi  or  dfferent  fufcepiibilities  of 
the  aftion  of  fire,  then  does  this  experiment  undeniably 
prove  that  there  is  no  difference  in  the  degree  of  this'  ab- 
folute heat  in  fixed  and  common  air.  Were  there  any 
fuch  difference  the  thermometer  would  rife  fader  in  the 
one  than  in  the  other,  as  is  known  to  be  the  cafe  with, 
regard  to  quickfilver  and  water,  metals  and  their 
calces,  Sec. 
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«*  will  grow  warm  as  much  and  almoft  as  foon 
« as  a thermometer  which  is  not  in  vacuo."  -f 
How  is  it  pofiible  therefore  that  the  effects 
fhould  be  fo  different  in  the  inftances  which  Dr. 
C.  mentions,  while  they  are  fo  nearly  the  fame 
in  this  cafe,  where  one  thermometer  is  placed  in 
a medium  containing,  according  to  him,  an 
immenfe  quantity  of  heat,  and  another  is  placed 
where  no  heat  can  be  fuppoled  to  exift  ? 

In  the  Peterfburgh  Experiment,  it  is  faid, 
“ that  the  heat  was  diminifhed  200  degrees 
“ below  the  common  temperature  of  the  at- 
“ mofphere,  and  therefore  we  are  certain  that 
“ atmofpherical  air  when  at  the  common  tem- 
“ perature  of  the  atmofphere  contains  at  lead; 
“ 200  degrees  of  heat.” — I muff  confefs  that  I do 
not  underftand  this  language.  It  feems  to  me  as 
intelligible  as  if  it  were  faid,  that  a loaded 
mortar  whofe  amplitude  is  two  miles  contains  two 
miles  of  force.  But  the  fubfequent  calculation 
is  as  inconceivable  as  this  language  is  unintel- 
ligible. When  we  are  told  that  “ atmofpherical  air 
“ by  being  luddenly  converted  into  fixed  air  is 

capable  of  raiding  the  latter  13,400  degrees. 


c: 


f Newton’s  Optics,  quse.  18. 
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**  or  to  12  times  the  heat  of  red  hot  iron,”  we 
are  indeed  aftoni(hedt\  but  I do  not  think  we  can 
be  much  edified.  * Dr.  C.  has  not  proved  that 
any  fuch  converfion  ever  takes  place  ; and.it  is 
particularly  worthy  notice  here,  that  he  has  con- 
founded phlogifticated  and  fixed  air  w.th  one 
another;  for  his  whole  reafoning  on  the  heat 
of  combuftion  depends  on  the  opinion  that 
fixed  air  is  a combination  of  common  air  and 
phlogifton. — An  opinion  fo  diametrically  op- 
pofite  to  the  conftant  tenor  of  Dr.  Prieftley's 
Experiments,  that  th\s  excellent  philofopher 
even  complains  of  Mr.  Lavci/ier  for  having  re- 
preltrited  him  as  maintaining  fuch  an  error,  (j 
He  obferv-es  alfo  on  another  occafion  that 
“ many  pcrfons  have  confounded  phlogifticated 
“ with  fixed  air,  having  concluded  the  whole 
<c  of  a quantity  of  air  to  be  of  the  latter 
<l  kind,  though  by  far  the  gieateft  part  of  it 
“ was  of  the  former,  •j*” — In  the  calcination  of 

metals 

* See  note  in  page  53  of  this  treatife. 

|j  See  Dr.  Priejllty's  Expeiiments  on  air,  vol.  2.  page 
313. — The  reader  may  alfo  confult  the  Experiments  of  the 
truly  ingenious  Mr.  Bevs/y,  which  are  inferred  at  the  end 
of  this  volume,  and  which  evidently  prove  fixed  air  to  be 

an  acid /ui generis. 

f Dr.  Priellley’s  Experiments  on  air  vol.  4,  page  39S.  \ 

See 
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Petals  we  are  informed  § chat  ct  the  phlogifton 
“ which  is  fcparated  from  them  is  combined 
,c  with  the  air,  and  that  tiiis  combination  has 
u been  proved  to  produce  a very  intenfe  heat.’* 
1 he  manner  in  which  this  hath  been  proved 
leaves  no  room  to  doubt  but  that  Dr.  C.  confi- 
ders  fixed  air  as  a compound  of  phlogifton  and 
common  air  * and  alfo  the  intenfe  heat  he  men- 
tions, as  the  confequence  of  fixed  air’s  being 
fo  eafily  afiedted  by  the  fire  which  is  difen- 
gaged  from  the  atmofphere  during  combuftion, 
— That  fixed  air,  however,  is  not  accumu- 
lated in  any  quantity  round  metals  when  cal- 
cined, and  of  courle  that  it  cannot  be  the 
caule  of  the  heat  attending  their  fufion  ap- 
pears evidently  from  an  ^experiment  of  Dr. 
Prtejlley , by  which  it  is  proved  that  u lime- 
“ water  never  became  turbid  by  the  calcination 
“ of  metals  over  it,  but  that  the  calx  immedi- 
“ ately  l'eized  the  precipitated  fixed  air  in  pre- 
“ ference  to  the  lime  in  the  water.”*  Befides, 
if  common  air  is  converted  into  fixed  air  by  the 

Seclikewife  his  letter  to  Mr.  Kirwah  at  the  end  of  Schecle’a 
Experiments  on  air  and  fire,  trartfiated  by  Dr.  Foiller. 

$ Dr.  C.’s  treatife,  page  76, 

* * f 

* Dr.  Prieftley’s  Experiments  on  air,  vol.  1,  page  137. 
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inflammation  of  bodies,  and  this  inflammatiori 
continues  while  there  is  any  common  air  to  be 
decompofed  by  the  phlogifton  which  is  fepa- 
rated  from  thofe  bodies,  then  it  will  follow 
from  the  known  property  of  fixed  air  that  the 
whole  of  a given  quantity  of  common  air  in 
which  a candle  has  burned  out  will  be  abforbed 
by  water. — But  nothing  like  this  ever  happens. 
- — Seeing  therefore  that  fixed  air  is  neither 
heated  fafter  than  atmofpherical  air,  nor  gene- 
rated in  any  confiderable  quantity  during  the 
combuftion  of  bodies,  we  may  fafely  conclude, 
that  it  cannot  be  the  caufe  of  that  fenfible  heat 
which  attends  this  combuftion. — And  fince 
Dr.  C.  hath  afligned  no  other  caufe  of  that  heat, 
nor  even  attempted  to  afcertain  the  heat  of 
phlogijlicated  air  ; I think  it  muft  be  acknow- 
ledged that  his  theory,  fo  far  as  it  is  fupported 
by  his  prefent  Experiments,  is  very  defective, 
and  communicates  but  little  real  information 
on  this  obicure  fubjeft. 

With  regard  to  Dr.  C.’s  mathematical  propo- 
rtions, I have  only  to  obferve,  that  allowing 
the  data  to  be  right,  I believe  tfte  demonftra- 
tions  are  univerfally  true.  But  for  my  own 
part,  I fliould  not  wifh  to  introduce  the  ma- 
thematics on  fuch  occafions,  being  fatisfied  that 

fubje£fo 
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fubje&s  like  the  prefent  ftand  upon  too  pre- 
carious grounds  to  admit  of  their  ufe. — Nor  can 
I fee  any  folution  given  by  Dr.  C.  which  could 
not  eafily  have  been  obtained  by  plain  reafon- 
ing,  without  the  afliftance  of  algebraical  figns 
and  fymbols.  * 

# » 

Dr.  C.  obferves  that  if  his  doftrine  be  trilF, 
it  affords  an  eafy  folution  to  the  mod  remark- 

* It  is  faid  in  Cor.  i,  Prop.  3.  “ that  in  order  that 
“ neither  heat  nor  cold  (hould  be  produced  by  the  paffage 
“ of  phlogiilon  from  one  body  to  another,  the  differences 
“ of  the  abfolute  heat  fhould  be  equal,  or  that  H — b 
“ fhould  be  equal  to  P — ■/.” — Hence  we  have  the  fol- 
lowing corollaries,  which  will  not  perhaps  be  confiderei 
by  a mathematical  reader  as  very  impbrtant. 

Cor.  4.  “ If  b be  equal  to  p , in  order  that  neither  heat 
“ nor  cold  fhould  be  produced,  it  is  required  that  P fhould 
“ be  i qual  to  11 ; for  in  that  cafe  // — b~P — . p .” 

Cor.  5,  “ The  fame  things  being  fuppofed,  if  h be 
*‘  lefs  than  p,  then  P mufl  be  greater  than  H,  and  P will 
be  equal  to  H-\-p — b , for  in  that  cafe  H — h—  P — p” 

Cor.  6.  “ If  h be  greater  than  p,  P mufl  be  lefs  than  H, 
“ and  P will  be  equal  to  H—b — p,  for  fubtradting  b — p 
“ from  H,  we  have// — b-fp—  P,  and  therefore/* — p — 
“ //—/.” 

It  does  not  feem  very  eafy  to  perceive  what  difference 
takes  place  in  thofe  two  fall  corollaries,  in  confequence  of 
b being  lefs  or  greater  than  p ; for  in  the  one  cafe  P i» 
equal  to  H-\ -p—b,  and  in  the  other  P is  equal  to 
H-rh—pzzH+p — h-,  that  is  P is  equal  to  P. 

able 
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sible  fa&s  relating  to  animal  heat  and  corh- 
buftion.  * We  have  already  feen  how  well  it 
accounts  tor  combuftion  in  general,  and  it  may 
not  perhaps  be  improper  to  lee,  whether  it 
accounts  for  thofe  remarkable  facts  with  better 
fuccefs. 

The  firft  of  this  kind  is  the  fpark  of  fire 
produced  by  the  percuffion  of  flint  and  fteel, 
which  our  author  explains  in  the  following 
manner.  “ During  the  inflammation  of  iron 
14  a quantity  of  heat  becomes  redundant  which 
‘'would  be  fufficient  to  raife  the  calx  11,480 
“ degrees.  Hence  when  a particle  of  this  metal 
“ is  {truck  off  by  the  force  of  a flint,  the  phlo- 
gifton  is  feparated  from  the  particle,  and  is 
kc  left  at  liberty  to  combine  with  the  air;  in 
“ confequence  of  which  a quantity  of  fire  is 
“ difengaged  from  the  latter,  and  the  heat 
*s  which  is  produced  during  this  procefs  is  io 
i£  intenfe,  that  the  particle  of  the  metal  which 
“ is  {truck  off  is  converted  into  glafs.”  *f*  Ori 
this  fuppofition  then  it  is  neceflary  that  the 
phlogifton  fliould  be  difengaged  previous  to  the 
decompofition  of  the  air,  and  ccnfequently  the 
metal  is  calcined  and  even  vitrified  before  any 

* Page  79.  f Page  108. 
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heat  is  produced.  There  atr  no  experiment* 
which  prove  that  the  percuflion  of  fteel  by 
flint  can  caufe  fuch  a decompofuion  in  the 
former  as  to  force  away  us  phlogifton  •,  nor  has 
Dr.  C.  ever  given  us  the  leaft  intimation  of 
this  extraordinary  phenomenon  before  he  af- 
fumes  it  in  the  prcfcnt  folution. — Befides,  if 
the  intenfe  heat  produced  by  the  percuflion  of 
two  bodies  be  owing  glfo  to  fuch  a decompo- 
fition  of  the  air  as  he  mentions  j how  comes  it 
to  pafs  that  heat  is  produced  by  the  attrition  of 
two  bodies  in  vacuo  ?*  Or  rather,  how  comes 
it  to  pafs  that  this  inrenfe  heat,  this  very  vitri- 
fication of  the  metal  is  produced  by  the  coU 
lilion  of  flint  and  fteel  in  an  exhaujier  receiver 

Another  phaenomenon  explained  by  Dr.  C, 
is  the  acc-’nfion  of  efientia!  oils  when  mixed  with 
the  nitrous  acid.  Jn  this  cafe  it  is  faid,  ||  “ thp 

* Adeoq;  in  ipfo  quoq;  <vacu’>  attritu  mutno  corpora  i*- 
caletcunc ; uti  obiervationibus  accuratiflinji*  *gregii 
tiauidbei  aperte  conftat,  quae  & more  fuo  fcglicifiime 
promovit  vir  clariflimus,  conjun&iflimus  collega,  Jacobu* 
Gulielmus  Gravefande.  Vide  Boerhaav.  de  Igne,  Exper*' 
g.  Cor.  3. 

t See  the  4th  of  Mr.  B'yle's  Phyfico  mechanical  Ex- 
periments touching  the  fpring  of  the  air. — And  the  8th  of 
of  his  Experiments  touching  the  relation  between  flame 
and  air.  ||  Page  no, 

‘‘  phlo- 
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f<  pMogifton  is  fe^arated  from  the  oil  and  com- 
**  bined  with  the  acid  : The  latter  is  forced  to 
“ give  out  a portion  of  its  abfolute  heat,  part  of 
“ which  is  abforbed  by  the  bafis  of  the  oil 
and  the  reft  becomes  redundant  or  is  con- 
“ verted  into  fenfible  heat.  If  the  fenfible 
“ heat  be  increafed  to  a certain  degree  the  phlo- 
“ gifton  will  fuddenly  combine  with  the  air, 
in  confequence  of  which  a great  quantity  of 
“ fire  will  be  extricated,  and  the  whole  will 
“ explode  with  intenfe  heat.” — Had  Dr.  C. 
fcnown  that  the  mixture  is  capable  of  being  in- 
flamed with  immenfe  violenre  in  vacuo , * he 
would  probably  have  fpared  himfdf  the  trouble 
of  this  laboured  explanation. 

A third  phenomenon  which  is  fuppofed  to 
admit  of  a l'olution  by  Dr.  C.’s  theory  is  the  *- 
heat  imparted  to  the  air  by  the  elefttic  fpark. 
Here  it  is  obferved  that  finceDr.  Prieltley  has 
“ proved  the  ele&ric  fluid  to  be  capable  of 
cc  communicating  phlogifton  to  atmofpherical 
“ air  and  of  converting  it  into  fixed  and  phlo- 
e'  gifticated  air,  it  muft  follow  that  the  heat 

* See  Pr.  glare’s  chemical  Experiments  in  the  3d  vol.  qf 
the  Philofophical  Tranfa&ions,  abridged  by  Lowthorpe, 
page  364. 
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“ which  becomes  fenfible  on  this  ocCafion  is  dif- 
*c  engaged  from  the  atmofpherical  air  in  confe- 
“ quence  of  the  phlogifton  with  which  it  is  im- 
“ pregnated.”  * That  the  eledtric  fpark  dimi- 
nilhes  common  air,  and  that  it  atfo  raifes  the 
mercury  in  the  thermometer,  are  both  very 
true;  but  on  the  other  hand,  it  is  equally  true 
that  the  fame  effeft  is  produced  upon  the  ther- 
mometer, when  the  fpark  is  even  drawn  thro* 
a Tcrkellian  vacuum  J,and  therefore  it  is  evident 
that  the  lenfible  heat  it  caufes  can  by  no  means 
depend  on  the  decompofition  of  atmofpherical 
air. 

The  heat,  noife,  commotion,  and  all  the 
dreadful  phenomena  of  earthquakes , Dr.  C. 
feems  to  think  will  admit  of  an  eal'y  folution  by 
his  theory. — He  begins  with  obferving,  that 
they  may  all  be  imitated  by  burying  under 
ground  a mixture  of  iron  filings  and  brimftone 
made  into  a pafte  with  water  -j- ; and  he  pro-> 

* Page  in, 

J The  fpark  was  drawn  from  a very  large  conductor  thro* 
a vacuum  one  inch  long,  and  % of  an  inch  in  diameter.— 
the  mercury  rofe  in  lefs  than  a minute  two  degrees  ; nor  did 
I find  it  rife  much,  if  at  all,  falter  when  madetopafs  through 
Common  air  exadtly  in  the  fame  circumltances. 

f Page  112. 
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pofes  the  following  explanation  of  thofe  artifi- 
cial earthquakes  as  the  means  of  enabling  us 
to  account  for  the  real  ones. — “ The  attraction 
“ qf  the  phlogilton  to  the  acid  of  the  fulphur 
“ will  be  dimimflied  both  by  the  attraction  of  the 
“ iron  to  this  acid,  and  by  that  of  the  water. 
“ In  the  degree  of  heat  which  is  nccefiary  to  the 
“ inflammation  of  fulphur,  atmofpherical  air 
“ is  capable  of  feparating  the  phlogilton  from 
“ the  vitriolic  acid.  Is  it  not  probable  that  by 
“ the  affiftance  of  the  iron  and  the  water,  it 
“ may  be  capable  of  producing  this  effeCt  in  the 
“ common  temperature  of  the  atmofphere.  If 
“ this  be  the  cafe,  it  follows,  that  by  the 
“ aCtion  of  the  air,  which  is  diffufed  through 
“ the  fubftance  of  the  earth,  upon  the  phlo- 
“ gitto.n  of  the  lulphur,  and  by  that  of  the  iron 
<c  and  water  upon  the  acid,  the  fuiphur  will  be 
“ dtcompqled •,  the  air  will  unite  with  the 
“ phlogilton  j the  iron  with  the  acid ; a quan- 
“ t'.ty  ot  fire  will  be  difcharged  from  the  former, 
« and  an  inflammable  elaftic  fluid  from  the 
“ letter  i and  hence  a commotion  will  be  ex- 
“ chat,  accompanied  with  noife  and  the  eruption 
“ of  flame,  rcfembling  the  phenomena  of  an 
“ earthquake.”* 


* Page  112. 
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I do  not  think  that  the  decompofitions  here 
mentioned  are  ftridtly  confonant  with  the  laws 
of  the  eleclive  attra&ions  of  bodies. — The 
affinity  of  acids  to  phlogifton  has  been  generally 
underllood  to  be  much  Wronger  than  it  is  to 
metals  of  any  kind.  But  Dr.  C.  by  fuppofing 
the  iron  in  the  prefent  inftance  to  decompofe 
the  fulphur,  feems  to  be  of  a contrary  opinion. — 
Admitting  this  to  be  the  cafe;  may  it  not  be 
doubted  whether  the  air,  which  is  faid  to  be 
diffuled  through  the  Jubilance  of  the  earth,  is 
the  caufe  of  thofe  phenomena ; efpecially  con- 
fidering  that  fo  very  fmall  a portion  of  it  can 
be  fuppofed  to  come  in  contact  with  the  mix- 
ture ? How  comes  it  to  pafs,  if  the  noife  and 
commotion  depend  on  the  decompolition  of  the 
air,  that  the  fame  effedts  are  not  produced 
when  this  mixture  is  placed  in  a large  jar  of 
air  having  its  mouth  immerfed  in  water  ? 
Might  it  not  be  expedted  on  Dr.  C.’s  principles, 
that  the  air  in  thofe  circumftances  would  be 
greatly  expanded,  and  in  confequence  force  the 
water  out  of  the  jar  with  confiderable  violence  ? 
We  know  however  tnat  no  fuch  effedls  are  pro- 
duced ; and  that  though  the  air  is  heated,  it  ii 
fo  far  from  .being  expanded  by  the  iron  filings 
and  fulphur,  that  it  is  diminished  a fourth,  * or 

•See  Dr.  Prieftley’s  Experiments  on  air,  Vo],  i.  fed.  6. 
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evena  third  * in  its  original  bulk.  Nor  is  the 
heat  produced  by  the  mixture  of  thefe  two 
fubftances  by  any  means  confined  to  common 
air.  Dr.  Prieftley  found  that  when  they  were 
placed  in  nitrous  air  (which  he  fuppofes  to 
contain  more  phlogifton  than  inflammable  air)  -j- 
the  jar  which  covered  them  became  fo  hot  that 
he  could  not  even  touch  it.  ||  Befides,  if  the 
decompolition  of  atmofperical  air  by  phlogifton 
is  always  attended  with  fuch  an  intenfe  heat  as 
to  be  railed  13,400  degrees,  might  we  not  rea- 
sonably expedt  that  the  air,  when  it  is  phlo- 
gifticated  in  ajar  by  this  mixture,  would  become 
vaftly  hotter  than  we  really  find  it  to  be.  But 
perhaps  it  may  be  objedled,  that  the  phlogifti- 
cation  in  this  procefs  is  fo  flow,  that  the  heat  is 
gradually  diflipated,  and  of  confequence  its 
effedts  are  rendered  fo  much  the  lefs  fenfible. 
This,  however,  cannot  be  the  cafe  when  nitrous 
and  common  air  are  mixed  together.  Here  the 
latter  is  immediately  phlogifticated  •,  and  yet  I 
have  never  found  the  thermometer  to  be  raifed 
above  ten  degrees.  What  becomes  of  the  re- 

* See  Mr.  Scheele’s  Experiments  on  air  and  fire  traof- 
lated  by  Dr.  Forfter,  page  65. 

f See  Dr.  Prieftley’s  Experiments  on  air,  voj.  3,  fed.  16. 
til  See  Dr.  Prieftley’s  ExperimaDts  oji  air,  vol.  1,  fed.  6. 
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maining  13,390  degrees  I know  noc  : For 
neither  the  water  % nor  the  veffcl  Teem  to  have 
imbibed  any  part  of  it,  if  we  are  allowed  to 
judge  by  the  thermometer  or  our  fenfes. 

i __  « . f 

In  applying  the  folution  of  thofe  artificial 
earthquakes  to  that  of  the  real  ones.  Dr.  C. 
fuppofes  a fimilar  mixture  of  fulphureous  and 
metallic  bodies  to  be  produced  in  the  bowels  of 
tlie  earth,  and  that  thofe  bodies,  in  confequence 
of  fome  changes  which  take  place  there,  are 
brought  into  contaft  with  the  water  and  at- 
mofpherical  air  which  are  difFufed  through  the 
earth’s  fubftance,  or  lodged  in  cavities  be- 
lt In  making  this  Experiment  I have  placed  a fmall  bafoa 
under  the  mouth  of  the  jar  after  mixing  the  nitrous  and 
common  air,  and  irftantly  taken  the  whole  out  of  the  tubt 
By  which  means  if  any  heat  were  communicated  to  the 
water,  it  would  be  eafily  determined  from  the  fniail 

quantity  in  which  the  mouth  of  the  jar  is  now  immerfed 

The  jar  iu  which  this  Experiment  was  made  contained 
about  3 ounce  meafures  of  air.  Had  a larger  been  ufed, 
it  is  probable  the  heat  would  have  been  more  confiderabie. 
But  this  by  no  means  removes  the  objedtioq  to  Dr.  C.’s 
fyftem.  For  (independent  of  the  fmall  quantity  of  air 
which  muft  be  fuppofed  to  be  phlogifticated,  according  to 
his  hypothefis,  in  the  collifion  of  flint  and  fteel,  where  fuch 
powerful  effedts  are  produced)  even  if  the  thermometer 
were  raifed  ioo°,  it  would  dill  be  difficult  to  account 
for  the  remaining  13,300°  which  are  faid  to  be  diffipated 
ky  this  phlogifticaticnof  the  airv 
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Death  its  furface.*  But  fince  Dr.  C.’s  folutfon. 
of  the  phaenomcna  attending  artificial  earth- 
quakes labours  under  fo  many  difficulties,  and 
the  mixtures  which  he  fuppofes  to  happen  in 
the  real  ones  are  merely  conjedtural,  1 ffiall 
beg  leave  to  decline  the  further  confideration 
of  this  fubjedt. 

Upon  the  whole,  I wiffi  Dr.  Crawford  had 
employed  his  abilities  in  making  a greater 
number  of  Experiments,  and  in  a more 
thorough  invefligation  of  his  theory  before  he 
propofed  it.  He  fhould  confider,  that  this  is 
an  age  that  is  too  ready  to  adopt  new  theories, 
and  that  much  harm  is  done  by  fuch  theories 
when  wrong,  by  putting  us  back  in  the  purfuit 
of  truth,  and  occafioning  a fad  wafte  of  that 
time  and  attention  of  philofophers  in  clearing 
away  rubbifh,  which  fhould  be  employed  in 
railing  and  improving  the  fuperftrudture  of 
knowledge.  I will  only  add  tnat  I refpedf:  his 
character,  and  that  I am  perfuaded  he  means 
nothing  but  the  advancement  of  fcience  •,  and 
that  fhould  he,  contrary  to  my  expectations,  by 
any  new  evidence  remove  my  objections  or 
eftablifh  his  theory,  I fhall  thank  him,  and  re- 
tradt  any  miftakes  into  which  I may  have  fallen. 

* Dr.  C.’s  Treatife,  page  113. 
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ERRATA; 

Page  18,  lafl  line  of  the  note,  for  z\  react  z\.  Page  22, 
line  14,  for  3+14,  read  3 X 14,— line  23,  for  to  that, 
read  to  be  to  that.  Page  28,  line  1 1,  for  the,  read  its. 
Page  51,  line  S,for  to  the  phenomena,  read  to  the  folu- 
tion  of  the  phenomena. 
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